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CXXXIV.—Germanium. PartII. Germanium Tetra- 
chloride and its Ammonia Compounds. 


By Wit11aM PucH and JoHN SMEATH THOMAS. 


Germanium tetrachloride was first described by Winkler (J. pr. 
Chem., 1886, 142, 177), who obtained it by the action of chlorine 
on heated germanium. Recently, Dennis and Hance (J. Amer. 
Chem. Soc., 1922, 44, 304) have prepared the compound in much 
larger quantities by a modification of Winkler’s method. The 
disadvantage of this mode of preparation is that it involves the prior 
preparation of metallic germanium, and although this can be 
accomplished fairly readily by the reduction of the dioxide with 
potassium cyanide, as described by the present authors (J., 1924, 
125, 816), it seemed desirable to investigate the possibility of pre- 
paring the substance from the dioxide by a simpler and more direct 
process. 

An attempt to prepare germanium tetrachloride by the well- 
known method of passing chlorine over a strongly heated mixture 
of the dioxide and carbon did not yield very satisfactory results. 
However, by the action of a mixture of carbon monoxide and 
chlorine, or, better still, of carbonyl chloride on strongly heated 
germanium dioxide, germanium tetrachloride is very readily 
obtained. 

Ten grams of germanium dioxide were placed in a porcelain boat 
in a silica tube which was heated to dull redness. Carefully dried 
carbonyl chloride, or a mixture of carbon monoxide and chlorine 
in approximately equal proportions, was then passed through the 
tube and a rapid reaction immediately took place. The products 
of the reaction were passed to the bottom of a long tube terminating 
in a bulb, of about 15 c.c. capacity, which was immersed in a freezing 
mixture. From this tube moisture was excluded by means of a 


q phosphoric oxide guard tube attached to the exit. The reaction 


was complete in 2 hours, only a very small quantity of a yellowish- 
brown residue remaining in the boat. About 10 c.c. of a greenish- 
yellow liquid had condensed in the receiver. The colour, due mainly 
to dissolved chlorine, was less pronounced when carbonyl chloride 
was used. The dissolved gases were removed from the crude liquid 
by passing a stream of dry air through it as described by Dennis and 
Hance (loc. cit.), the containing vessel being surrounded by a freezing 
mixture. Twenty grams of a clear, colourless, and very mobile 
liquid were obtained (Found: Ge, 33:6; Cl, 66°35. Cale. for 


» GeCl,: Ge, 33-7; Cl, 66-3%). 


An experiment was next carried out in which germanium dioxide 
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was suspended in hot concentrated sulphuric acid through which a 
stream of hydrogen chloride was bubbled. It was hoped that the 


hydrogen chloride would react readily under these conditions with | 
the dioxide and that the sulphuric acid would prevent hydrolysis | 
of the resulting tetrachloride. The method did not give satisfactory _ 


results. No visible reaction occurred until the sulphuric acid had 
begun to fume (270°), but after the mixture had been kept at this 
temperature for several hours much of the germanium dioxide had 
disappeared and about 6 c.c. of distillate had collected in the well. 


cooled receiver. This distillate consisted of two layers, each of! 
about equal volume. On re-distillation, the lower layer came over | 


completely below 75°, whilst the upper layer boiled at 107—108°. 
The first fraction was germanium tetrachloride contaminated with 
hydrogen chloride. The exact nature of the heavier layer has not 
been determined, but the point is being investigated. It appears 
to be sulphury] chloride. 

In a subsequent experiment, 10 g. of pure germanium dioxide 
were placed in a small distilling flask with 100 c.c. of concentrated 
hydrochloric acid. The flask was connected with a small double- 
surface condenser, the delivery tube of which was drawn out to a 
long capillary tube which dipped to the bottom of a receiver similar 
to that described previously. This receiver was immersed in a 


freezing mixture. About 5 c.c. of concentrated sulphuric acid | 


were placed in the receiver, and the flask was heated in a bath at 
90°. During the distillation a tendency was observed for hydrolysis 


eee 


of the product to take place as the hydrochloric acid became less | 
concentrated. To obviate this, a slow stream of hydrogen chloride © 


was bubbled through the liquid while the distillation was in progress. [ 


The dioxide dissolved fairly rapidly. As soon as solution was com- 
plete, the process was stopped ; a stream of dry air was passed through 


the well-cooled distillate for several hours in order to remove dis- © 
solved hydrogen chloride. The product was then distilled from the 


sulphuric acid and was collected with the usual precautions in a 
small distilling flask. After a further distillation, without the 
addition of sulphuric acid, 20-2 g. of very pure germanium tetra- 
chloride were obtained, b. p. 85:5° (Found: Ge, 33:7; Cl, 66-3%). 
This proved to be the most convenient method of preparing ger- 


manium tetrachloride.* Equally good results were obtained with | 


germanium dioxide which had been ignited at a bright red heat as 
with the freshly precipitated substance. 
During the distillation of germanium tetrachloride from sulphuric 
* Since this was written Tabern, Orndorff, and Dennis have described 4 


somewhat similar method of preparing germanium tetrachloride (J. Amer. 
Chem. Soc., 1925, 47, 2039). 
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acid, an interesting phenomenon was observed. The two liquids do 
not mix and at the ordinary temperature the tetrachloride forms 
the lower layer. At 0°, the interface between the two liquids is 
perfectly flat. As the temperature rises, this interface becomes 
more and more convex until at 50° the lower layer resembles an egg 
with the pointed end upwards. Then, quite suddenly, the position 
of the two layers becomes reversed, the sulphuric acid being the 
denser, and the liquid interface is now concave. As the temper- 
ature is raised still higher, the curvature of this interface becomes 
less and less until, just below the boiling point of the tetrachloride, 
it again becomes quite flat and exhibits a very fine play of iridescent 
colour. On cooling, the liquids undergo the same changes in the 
with F reverse order. 


ears The Action of Dry Gaseous Ammonia on Germanium Tetrachloride. 
Hexamminogermanic Chloride. 


It is well known that ammonia reacts readily with stannic chloride 
(Rose, Pogg. Ann., 1832, 24, 109), with lead tetrachloride and with 
zirconium tetrachlcride (Matthews, J. Amer. Chem. Soc., 1899, 20, 
815, 839, 843). In each case solid compounds are produced which, 
however, do not appear to have been fully investigated. Further 
work in this direction is now being carried out in these laboratories. 

Germanium tetrachloride also combines readily with ammonia. 
In a preliminary experiment, dry ammonia was led on to the surface 
of germanium tetrachloride, cooled in a freezing mixture. A 
vigorous reaction took place, dense white fumes were formed, and 
much heat was evolved. Absorption of ammonia proceeded quietly 
after a time, and the passage of the gas was continued for several 
hours. The product was a white powder having a strong smell of 
ammonia which, however, disappeared after the substance had been 
exposed to the air for several hours (Found: Ge, 20-7; Cl, 40-75; 
| NH, 243%. Ratio Ge:Cl=1:3-99; Cl: NH; =1: 1-24). 
a) Analyses of other specimens prepared in the same way yielded 


he | similar results. In every case, the ratio Ge:Cl was the same 
a- | — within the limits of experimental error, but the ratio Cl : NH, varied 
). considerably ; further, from 14% to 20% of the material always 
r- | remained unaccounted for. 

h | These analytical results may, of course, be attributed to replace- 


ment of ammonia in the original ammine by water molecules derived 
from the moisture in the air. In order to test this possibility, a 
' further preparation was undertaken in which every precaution 
| was taken to exclude moisture. The apparatus employed is 
' illustrated in Fig. 1. 

The reaction vessel, A, was about 9 inches long and 1} inches in 
002 
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diameter. It was closed by means of a tight-fitting rubber stopper, 
through which passed two fairly wide tubes, B and C,, which served 
to admit ammonia and germanium tetrachloride, respectively. 
In order to prevent the choking of these tubes by the product of 
the reaction, they were provided with thin glass rods, attached by 
means of rubber tubing, by the movement of which they could be 
cleared as necessity arose. After the apparatus had been thoroughly 
dried, about 1 c.c. of germanium tetrachloride was distilled into D 
from the main supply and through it a slow stream of dry air was 
bubbled; at the same time, D was heated to 50° by means of a bath 
of warm water. In this way, a steady stream of tetrachloride 
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vapour was introduced into A, which was kept cold by means of a 
freezing mixture. At the same time, dry ammonia was also admitted 
to the reaction vessel, the rate of flow of the gases being so regulated 
that a slight excess of ammonia was always present. This rate had 
to be slow, otherwise much of the finely divided product was carried 
away by the stream of air and lost. The waste gases escaped by the 
exit tube, H, which was fitted with a suitable guard tube to prevent 
ingress of moisture. 

After all the germanium tetrachloride had been driven over, the 
flow of ammonia was continued for an hour to ensure complete 
combination and any excess, together with some adsorbed ammonia, 
was then removed by passing dry air through the apparatus until 
no smell of ammonia could be detected at the exit tube. The 
product was then transferred to a well-stoppered bottle and kept 


tl 
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over quicklime in a desiccator. It was a pure white, light, and 


‘ extremely soft powder which proved to be GeCl,,6NH, (Found : 


Ge, 22:95; Cl, 44-9; NH,, 31-9. Ratio Ge: Cl = 1:3-97; Cl: NH, 
=1:1-49. GeCl,,6NH, requires Ge, 22-8; Cl, 44-9; NH, 32-3%). 

In order to obtain further information regarding the change 
which the hexammine undergoes when it is exposed to moist air, 
2 grams of the freshly prepared substance were exposed to the action 
of moist carbon dioxide-free air and the change of weight was 
observed at frequent intervals. During the first 2 days, the weight 
increased rapidly; the increase then became more gradual, until 
after a month the weight was constant; the increase then amounted 
to 11:9% [Found: Ge, 20-4; Cl, 40:3; NH,, 19-8; H,O (diff.), 
194%. Ratio Ge:Cl=1:40; Cl: NH,;=1:1-03]. This 
change in composition taken in conjunction with the observed 
increase of weight corresponds to the replacement of two molecules 
of ammonia by four molecules of water (GeCl,,4NH,,4H,O requires 
Ge, 20:3; Cl, 40-1; NH,, 19-8%, and an increase in weight of 
12-03%). 

According to Mendeléev (Ber., 1870, 3, 422), water, in similar 
circumstances, replaces ammonia in pentamminocupric sulphate, 
molecule for molecule; from the analytical results, however, it is 
clear that such simple replacement does not occur in this case. 
Exam ples of the replacement of a molecule of ammonia by two mole- 
cules of water do not appear to have been observed and it may be 
pointed out that in this case such a replacement would involve a 
change in the co-ordination number of germanium, unless, indeed, 
double molecules of water are concerned, as Werner suggested is 
the case in the alums. 

This replacement of ammonia by water molecules may, however, 
be explained in another way. Instead of replacement of ammonia 
according to the equation 


GeCl,,6NH, -+ 4H,0 = GeCl,,4NH,,4H,O + 2NH,, 
the hexammine may undergo hydrolysis thus : 
GeCl,,6NH, + 4H,O = Ge(OH), + 4NH,Cl + 2NHs. 


In either case, the solid product would have the same composition, 
and analytical methods cannot decide, therefore, which is the 
correct explanation. The behaviour of the substance on treatment 
with water points, however, to the second explanation. The 
hexammine itself dissolves completely in water to a clear and 
colourless solution which only becomes turbid after standing for 
several hours. A compound such as GeCl,,4NH,,4H,O might be 
expected to behave in a similar way. The actual substance does 
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not dissolve completely in water, but leaves a residue which js 
readily soluble in sodium hydroxide and does not contain chlorine, 
a behaviour which might be expected from a mixture of ammonium 
chloride and hydrated germanium dioxide. 


The Action of Ammonia on Germanium Tetrachloride Dissolved in 
Ether. 


Germanium tetrachloride (1 c.c.) was dissolved in 100 c.c. of dry 
ether contained in a flask cooled in a freezing mixture, and dry 
ammonia was bubbled through the solution. A white precipitate 
at once formed and the heat of the reaction caused the ether rapidly 
to evaporate. The current of ammonia was continued until all 
the ether had thus been removed, and the white powder remaining 
was transferred to a bottle and stored in a desiccator over quick- 
lime. It smelled strongly of ammonia. It was identical with the 
product obtained by the interaction of the gaseous substances 
(Found: Ge, 23-0: Cl, 44:8; NHg, 31-85%). All the values are 
slightly low; this is probably accounted for by access of moisture 
during transference from one vessel to another. 

The ammonia pressure of the hexammine is very small; a specimen 
was kept over concentrated sulphuric acid for a week without 
undergoing any appreciable change in weight. The compound 
is readily soluble in water, but is slowly hydrolysed in solution 
and the liquid becomes turbid. The solution smells strongly of 
ammonia. The hexammine is insoluble in ether, alcohol, chloro- 
form and all the common organic solvents. When it is heated 
in dry air, the substance sublimes completely but with slight loss 
of ammonia. An analysis was made of a specimen which had 
been sublimed in a current of dry air in a specially constructed 
apparatus from which air was carefully excluded (Found : Ge, 23-2; 
Cl, 46-4; NH,, 30-5%). Possibly a lower ammonia compound is 
formed at very high temperatures. 


The Interaction of Germanium Tetrachloride with some Amines. 


A number of amines being available in connexion with another 
investigation, the interaction of these substances with germanium 
tetrachloride was studied. Additive compounds with mono-, di-, 
and tri-ethylamine, with propylamine, and with butylamine were 
prepared by bringing the vapours of the two substances into contact 
in the same way as in the preparation of the ammonia compounds. 
These additive compounds were also obtained by passing amine 
vapour into solutions of germanium tetrachloride in ether. In 
every case, the product was a white powder closely resembling the 
hexammine both in appearance and in properties. 
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The amine derivatives are quite stable in dry air and have little 

ne or no smell. They are decomposed by moist air and under these 

um conditions they smell strongly of the amine. They are readily 

soluble in water, but the solutions undergo hydrolysis and become 

§ turbid on standing. They are insoluble in the common organic 

e solvents. They contain six molecules of amine to each molecule 

of the tetrachloride [Found for the diethylamine compound : 

ry Ge, 11-0; Cl, 21-7; (C,H;),.NH, 67-2. GeCl,,6(C,H;),NH requires 
ry Ge, 11-1; Cl, 21-8; (C,H,),.NH, 67-1%)}. 


te ; : ; oe F 

ly § The Existence of Higher Ammonia Derivatives of Germanium Tetra- 
all : chloride. 

ng § During the investigation of germanium tetrachloride hexammine, 
k- — absorption of ammonia was observed to occur when this gas was 
he i Fic. 2. 
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compressed in contact with the hexammine. In order to determine 
the nature of this change, a known weight of the solid was treated 
r | with ammonia under a pressure of about 3 atmospheres until no 
, more of the gas was absorbed. Small, measured quantities of 
' ammonia were then removed and after each such removal the 
» — equilibrium pressure was measured. Owing to the high pressures 
; § developed at higher temperatures, it was found most convenient 


, to work at 0°. The apparatus employed is sketched in Fig. 2. 

7 The hexammine (1-3756 g.), contained in a small stoppered bottle, 
| was placed in the tube A, which was then sealed in such a way as 
to prevent ingress of moisture. The tap 7’, being closed, the stopper 
of the bottle was removed by gentle shaking. After sealing A to 
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the remainder of the apparatus, the whole was thoroughly dried by 
alternately exhausting and then filling it with air which had passed 
over phosphoric oxide. The apparatus was then washed out several 
times with dry gaseous ammonia, obtained by the evaporation of 
liquid ammonia in the Dewar vessel, #, from which superfluous 
gas escaped by means of the mercury trap, F. 

All the air being in this way removed, A was immersed in a 
thermostat kept at 0°, and the vessel B, having a capacity of 200 c.c., 
was filled with ammonia, which was then compressed into A by 
closing 7’, and 7',, opening 7’, and 7’5, and raising the mercury 
reservoir, C. Under a pressure of 3 atmospheres absorption of 
ammonia took place very rapidly at first—600 c.c. were taken 
up in the first 4 hour. The process then became gradually slower, 
until eventually about 1100 c.c. of ammonia had been absorbed. 
By this time the substance in A had become liquid. 

Ammonia was then removed from the reaction vessel in small 
quantities at a time, each amount being measured by means of the 
gas burette, D. All volumes were reduced to N.7.P. After each 
removal, the apparatus was allowed to stand until the pressure 
became constant. The pressure was measured by means of the 
manometer, M, which allowed of any pressure from 0 to 2400 mm. 
being determined. When not in use, 7’, and 7’; were sealed with 
mercury. All pressure measurements were made from the same 
point on the manometer, so that the volume of the apparatus was 
always the same. The amounts of ammonia and the corresponding 
equilibrium pressures are in Table I. 


TABLE I. 

Vol. of Vol. of Vol. of Vol. of 
NH, Pin NH, Pin NH, Pin NH, P in 
removed. mm. removed. mm. removed. mm. removed. mm. 
0 1998 152-0 1041 553-4 1040 978-1 1040 
12-9 1742 188-0 1040 586°4 1040 997-4 1040 
26°3 1408 225-6 1042 634-4 1040 1018-4 si4 
51-0 1095 259-2 1041 682-4 1040 1026-0 720 
53-6 1065 299-0 1042 716°8 1042 1040-1 522 
56-0 1049 340-4 1041 767-4 1040 1049-0 425 
60°3 1044 379-0 1040 812-6 1041 1063-0 295 
77-1 1045 422-0 1041 854-4 1040 1087-2 95 
95-3 1044 459-3 1041 896:1 1041 1105-3 0 

114-8 1042 496-0 1040 936-9 1042 


From this table it is clear that only one higher ammonia com- 
pound can exist within the range of pressures examined and that 
the dissociation pressure of this compound at 0° is 1040 mm., that 
is to say, the compound cannot exist at the ordinary temperature 
and pressure. It is curious that this compound should be a liquid. 
When all the ammonia had been removed, the volume of A was 


we ae ¢ 
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determined by filling the vessel with dry air and then pumping 
off and measuring the volume of air used. The volume was 32 c.c. 
The vessel was then opened and a specimen of the solid, which had 
now acquired a porous structure, was analysed (Found: Ge, 22-9; 
Cl, 44:8; NH,, 32-0. Cale. for GeCl,,6NH,: Ge, 22:8; Cl, 44-9; 
NH,, 323%). This proves the end-product to be the hexammine 
and confirms the statement made in an earlier paragraph that the 
ammonia pressure of this compound is extremely small. 

From the quantities of ammonia removed, together with the 
weight of the hexammine originally taken, the formula of the higher 
ammine can be calculated. By a graphical method, it was estimated 
that the dissociation pressure of the compound was reached after 
the removal of 57-5 c.c. of ammonia and that the compound was 
completely dissociated after the removal of 1004 c.c. of the gas 
(both measured at V.7'.P.). Thus, 1-3756 g. of the hexammine had 
combined with 946-5 c.c. of ammonia. Now the addition of each 
additional molecule of ammonia to the hexammine requires 96-92 c.c. 
of the gas, and hence, within the limits of experimental error, 
10 additional molecules of ammonia have been taken up and the 
higher compound thus has the formula GeCl,,16NH,. 

The variation of the dissociation pressure of the higher compound 
was also investigated between the temperatures 0° and 16°. The 
pressures observed, which are in Table II, were found, when plotted 
against the temperature, to lie on a straight line. By extrapolating 
this curve, the dissociation pressure was found to be 760 mm. 
at — 4°. 


TABLE II. 
NR i isctciuscenadeenes 0° 0-4° 1-8° 4-0° 6-0 
PE: ASBMB) Since cece 1040 1055 1164 1309 1462 
BEMIS cs sssasnceseesaeve 7°9° 9-9° 11-9° 13-4° 16-1° 
PrOKS, (MM.) 0004060 1590 1733 1889 2001 2190 


An examination of Table I shows that, in addition to the formation 
of the higher ammonia compound, adsorption of the gas also takes 
place, for neither the volume of ammonia removed in reducing the 
pressure from 1998 mm. to the equilibrium pressure nor the volume 
pumped off after the complete dissociation of the higher compound 
is in agreement with that calculated by means of the gas laws. 
The discrepancy was far greater at low pressures, for, whilst the 
removal of 57-5 c.c. of ammonia (measured at NV.7'.P.) reduced the 
pressure from 1998 mm. to 1040 mm., the ammonia remaining after 
the higher compound had completely dissociated occupied 101-3 c.c. 
under the same conditions. Thus it appears that adsorption of 
ammonia occurs to a greater extent at low pressures. 


This abnormality is, however, easily explained by the fact that 
0 o* 
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GeCl,,16NH,, being liquid, exposes a comparatively small surface, 
whereas the hexammine produced by its dissociation is rendered 
extremely porous by the escape of ammonia during the process of 
dissociation. 

The constitution of the hexammine is readily explained by means 
of Werner’s co-ordination theory if the co-ordination number of 
germanium is taken to be 6 and the whole of the chlorine is ionisable. 
It is, however, somewhat difficult to reconcile this with the electron 
theory of valency. According to Langmuir’s theory, the germanium 
atom (atomic number 32) has 2, 8, 8, 14 electrons in the various 
shells and requires 4 electrons to bring the number of electrons in 
the outer shell up to that of the inert gas immediately following. 
In the hexammine, the central atom [Ge(NH),]++*+*+ must therefore 
have an outer shell of 22 electrons. But such a compound should 
be unstable and should readily lose ammonia, as do the solid hex- 
ammines of zinc, nickel, and copper. So far from this being the 
case, germanium tetrachloride hexammine is remarkably stable 
and shows no tendency to lose ammonia when kept free from mois- 
ture, although, on the addition of water, ammonia is immediately 
liberated. Possibly a tetrammine complex is formed in solution, 
but the rapidity with which hydrolysis takes place makes the 
investigation of this point difficult. 

As yet no adequate explanation of the constitution of this sub- 
stance, and still less of that of the higher compound, can be offered, 
but the nature of these compounds and also the ammonia deriv- 
atives of the tetrachlorides of tin and lead are being further 
investigated. 

Summary. 

1. Various methods for the preparation of germanium tetra- 
chloride have been investigated. By the action of hydrogen chloride 
on germanium dioxide in concentrated hydrochloric acid, under 
suitable conditions, the compound may readily be obtained pure. 

2. The action of gaseous ammonia on germanium tetrachloride 
vapour and also on a solution of the compound in ether has been 
investigated. In each case the compound GeCl,,6NH, is produced. 
Amines react in a similar manner. 

3. Hexamminogermanic chloride is a white, very light powder 
which is very stable in dry air but is hydrolysed by moist air, a 
residue of hydrated germanium dioxide and ammonium chloride 
remaining. ‘The hexammine dissolves readily in water, but becomes 
turbid after a time owing to separation of hydrated germanium 
dioxide produced by hydrolysis of the compound. 

4. The hexammine when treated with ammonia under pressure 
absorbs the gas readily at low temperatures. A higher compound, 
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GeCl,,16NH,, is produced which is a liquid at 0° and has a dis- 
sociation pressure of 1040 mm. at 0°, 2085 mm. at 15°, and 760 mm. 
at — 4°. 

5. No evidence of any other ammonia compound was obtained. 
GeCl,,16NH, dissociates directly to the hexammine, which is 
extremely stable, having no measurable ammonia pressure at 0°. 
At this temperature, it can be kept over concentrated sulphuric 
acid for days without losing weight. 

6. The application to these compounds of the co-ordination theory 
and of the electron theory of valency is briefly discussed. 


UNIVERSITY OF CAPE TowN. [Received, October 30th, 1925.] 


CXXXV.—The Binary System Barium Iodide—Water. 
By Joun Packer and ALBERT CHERBURY Davin RIVETT. 


Havine had occasion recently to seek information regarding the 
solubility of barium iodide in water at three or four temperatures, 
we found the available figures scanty and uncertain and were obliged 
to make new measurements. It seemed worth while to supplement 
these and to place on record the full binary system from the eutectic 
temperature (—33-5°) to 120°. 


Barium Iodide—W ater. 


% Bal, % Bal, 
Temp. Dy. insoln. Solid phases. Temp. Di insoln. Solid phases. 
— 10° 1-060 7°00 Ice — 5°8° 2:036 61°45 2Bal,,15H,O 
— 17 rhe Bf 12°4 ds 0-0 2-071 62°5 a 
— 37 i°221 21°35 re + 50 27105 63°6 sie 
— 5°35 1°281 26°05 ‘ 10°0 2°144 64:8 = 
— 775 1°371 32°05 én 15:0 2°176 65°75 ~~ 
— 935 1°423 35°15 ie 19°9 2°222 67°15 Pr 
—12°35 1:507 39°90 mS 25°0 2:277 688 9 
—14°95 1°568 42°95 im 25°7 — 68°9 2Bal,,15H,0 
—1815 1°634 46:1 = and 
—22°9 1°731 50°4 i BalI,,2H,O 
—246 1764 51°5 - 26:0 2:282 689 #Bal,,2H,O 
—30°2 1°842 546 - 30°0 2°287 69°1 - 
—33°5 -- 56°0 Ice and 40°0 2°304 69°6 Ps 
2Bal,,15H,O 50°0 2°32 70°1 .” 
(extrapolated 60°0 2°331 70°7 ” 
eutectic) 69°5 2°35 71°15 a 
—29°75 1905 56°38 2Bal,,15H,O 87°7 = 72°55 ex 
—25°4 1927 57°5 re 98°9 — 73°35 Bal,,2H,O 
—20°0 1:952 586 Pe . and 
—154 1:983 59°65 is Bal,,H,O 
— 97 2012 60°65 a 110°0 — 74:0 Bal,,H,O 
120°0 os 74°3 Ra 


Commercial (B.D.H.) barium iodide, approximating in composi- 
tion to BaI,,2H,O, was purified by crystallisation, and used, as the 


hydrate 2Bal,,15H,O. The procedure adopted in examining the 
0 o*2 
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system followed the usual lines. Concentrations were determined 
by estimating iodide volumetrically against silver nitrate, with 
ferric thiocyanate as indicator: they are expressed in the table as 
weights of anhydrous salt in 100 g. of solution. In some cases, the 
values were checked by estimations of barium as sulphate. Transi- 
tion points were measured thermometrically and confirmed by 
intersections of extrapolated curves. 


E 
120° | 
Barium Jonine — Water. 


tues SDH 


80° 
3 | _AB Soln.+ Ice a 
: BC - +2Batsi0, PO is = 
& ye|_CD + + Bala2h0. Z ae 
5 e- +p OO [- 
Oe See SOS pC 
slg f 
A - 
_ 40° B 
0 60 80 


Grams of barium iodide in 100 grams of solution. 


The mono- and di-hydrates are well known, whilst hydrates with 
six and seven molecules of water have been stated to exist. It is 
difficult to obtain a deliquescent hydrate, like the highest in this 
series, in a sufficiently pure state for analysis. Probably the surest 
procedure is to investigate it by the method depending on analysis 
of wet solids in a suitable ternary system, and this we have done in 
the system barium iodide—iodine—water, which we hope shortly to 
describe. The highest hydrate appears to be 2BaI,,15H,O, and we 
have not found either hexa- or hepta-hydrate. 

The table and figure indicate all details of the system. 


UNIVERSITY OF MELBOURNE. [Received, February 2nd, 1926.] 
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od CXXXVI.—The Constitution of Magnesium Acetate 
ih Solutions. 

a By ALBERT CHERBURY DaviD RIVETT. 

i. THE constitution of basic beryllium acetate (Urbain and Lacombe, 
y Compt. rend., 1901, 133, 874; Bragg, Nature, 1923, 111, 532; 


Sidgwick, ibid., 808; Bragg and Morgan, Proc. Roy. Soc., 1923, 
A, 104, 437) is explicable in terms of a marked tendency 
on the part of the beryllium atom to exercise a co-ordination 
number of 4 in its linkings with oxygen. The readiness with 
which this occurs may be connected with the fact that the outer 
electrons in the atoms of beryllium and oxygen are at similar energy 
levels: there may thus be a decreasing tendency towards such 
linkings with oxygen as one passes down Group II of the Periodic 
Classification through magnesium, calcium, strontium, and barium. 
In magnesium acetate one might expect to find, at any rate, an 
appreciable tendency for the formation of a compound analogous 
to the basic beryllium salt. 

In preparing hydrated magnesium acetate from magnesium 
oxide, acetic acid, and water, with a view to seek such a basic 
acetate in the ternary system oxide-acetate—water, one was struck 
by the ease with which supersaturated solutions could be formed, 
by the slow rate of their crystallisation after seeding, and by the 
very high viscosity possessed by solutions above a certain range 
of concentration. Measurements of some of the properties of 
these solutions have therefore been made, and from them it seems 
that some guidance may be obtained as to the probable condition 
of magnesium acetate in solutions of varying concentrations. 


EXPERIMENTAL. 


The solid salt used was prepared from magnesium oxide 
(B. D. H.), free from sulphur, and excess of acetic acid (A. R.) 
diluted about fourfold with water. The crystals formed were 
separated on a silver gauze basket in a centrifuge of 6-inch radius 
at 1800 r.p.m., and kept for some weeks in a vacuum desiccator 
over concentrated caustic soda to remove excess acetic acid. 
Analysis showed them to be Mg(C,H,0,),,4H,O. 

All solutions were analysed by conversion of dissolved salt into 
anhydrous magnesium sulphate and weighing as such. Com- 
positions of solutions are given throughout the sequel in percentages 
of anhydrous salt by weight; but, in the discussion, concentrations 
are usually quoted in g.-mols. per 1000 g. of water (M,,) or g.-mols. 
per litre at 25° (M,). 
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TABLE I. 


Binary System Magnesium Acetate—Water. 


t. % anhyd. salt. My. A/My. Solid phase. 
—0-364° 1-068 0:0758 4-80 Ice. 
—0-531 1-804 0-1290 (4:12) Pe 
— 1-083 3-08 0:2232 4:85 he 
— 2-179 5-92 0-442 4:93 a 
— 4-687 11-45 0-908 5-16 = 
—9-99 19-81 1-735 5-76 vi 
— 15-28 25-0 2-345 6-52 i 
— 29 (extrap.) 34-5 3-70 7:8 Ice and 
MgAc,,4H,0. 
-+ 01° 36-2 3-986 MgAc,,4H,0O. 
+14-9 37:97 4-300 ” 
24-9 39°61 4-607 »” 
35-0 41-78 5-041 ” 
45-0 44-76 5-691 - 
55-0 49-46 6-874 o 
68-+- 66-4 — (Approx. m. p. 


of hydrate.) 


Table I gives the binary system acetate—water (plotted in Fig. 1) 
so far as it has been possible to determine it. On the ice curve, 
solutions in the region of 30°, 


Fic. 1. 
Binary system magnesium acetate—water. by weight are res bs portend that 
70° ee the phase-reaction between ice 
P, ihe. and solution proceeds too 
oo ; slowly for accurate measure- 
rf ments. On the salt-solution 
40 curve, hydrolysis sets an upper 
P h limit. The solid hydrate begins 
3 is to melt at about 68°, so that 
. this curve reaches a maximum 
= somewhere near that temper- 
& oO ature, as indicated by the 
ey i dotted extension in Fig. 1. 
= IC Ne An extrapolation of ice and 
94 ce: salt curves downwards points 
to a eutectic temperature 
—40 (hydrate—ice-solution) of about 


0 20 40 60 80 
Percentage of magnesium acetate by weight. 


— 29° : but a figure so obtained 
is very uncertain. 

Table II gives the viscosities of solutions of magnesium acetate 
(and a few, for comparison, at high concentrations of magnesium 
chloride and sodium acetate) at 25° relatively to water taken as 
unity. They have been measured in viscosimeters of the Ostwald 
pattern with time of water-flow of about 3 minutes. Pyknometers 
of 5 c.c. were used for determinations of density. 
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TABLE II. 


Relative Viscosities at 25° (water = unity). 


% Anhyd. salt. Relative 
My. M,. Dp. viscosity. 
Mg(C,H,0,), 

6-19 0-463 0-450 1-:0245 1-466 
13-27 1-075 1-002 1-0754 2-421 
20-14 1-772 1-579 1-1160 4-325 
24-5) 2-280 1-966 1-]422 6-593 
28-80 2-841 2-365 1-1692 10-83 
32-65 3-405 2-742 1-1954 18-69 
36-01 3°953 3-075 1-216 31-78 
36-58 4-051 3-137 1-221 35-02 
38-72 4-438 3°355 1-234 53-83 
40-20 4-721 3-514 1-245 72-7 
41-14 4-909 3-609 1-249 84-2 
41-91 5-067 3-694 1-255 104-35 
42-67 5-228 3-777 1-261 125-3 
43-63 5-436 3:877 1-265 155-2 
MgCl, 

17-90 2-289 2-172 1-1558 2-379 

25-02 3-503 3°217 1-2247 3-952 

31-79 4-893 4-322 1-2952 7-737 
[Na(C,H;0,)], 

21-05 1-625 1-427 1-1119 2-628 

31-71 2-831 2-264 1-1716 5-195 


Table III includes measurements for certain solutions at tem- 
peratures from 25° to 55°, to give indications of the temperature 


coefficients of viscosity. 
TABLE III. 


Relative Viscosities at Different Temperatures. 
Solution A 18-44%, My 1-588; B 41-38%, My 4-958; C 45-95%, M, 5-970. 


D. Relative viscosity. 
Temperature. A. B. C. A. B. C. 
25-0° 1:1057 =—-:1-2515 = 3-73 92:9 Soln. crysd. 
35:1 1-1050 1-249 1-2780 3°395 62-3 187-6 
45-0 1-1048 1-247 1-2757 3°15 45-0 115-6 
55-0 1-105 1-246 1-2744 2-93 34-1 78-08 


In Table IV are the specific conductivities (ohm. cm.~!) at 18° 
and 25° measured in a cell of the form shown in Fig. 4. The total 
volume of the cell is 400 c.c., that of the lower tube, a, being 15 c.c. 
This is a useful shape when a series of dilutions is to be examined, 
since, provided that the lower tube be filled, the resistance of a 
solution is independent of the volume taken. Successive dilutions 
were effected by additions of water from a weight burette. 

Table V shows the way in which the conductivity of a highly 
concentrated solution (J/, = 5:5) varies with temperature. 


1066 RIVETT : 


TABLE IV. 


Specific Conductivities (ohm=!. cm.-1) of Magnesium Acetate 
Solutions at 25° and 18°. 


x 10%. 
. oe 100(K25 — Ki) 
% Anhyd.salt. My. M,. 25°. 18°. 7X tie 
3°55 0-259 0-255 19-97 17-06 2°44 
5-64 0-420 0-409 26-28 22-38 2°49 
7-45 0-565 0-546 30-10 25-55 2-54 
9-31 0-721 0-688 32-67 27:67 2°58 
11-63 0-924 0-871 34-36 28-94 2-67 
14-04 1-147 1-065 34-67 29-02 2°78 
18-70 1-616 1-389 32°12 26-44 3:07 
23-41 2-147 1-868 26-69 21-53 3°42 
28-21 2-760 2-309 19-84 15-50 4-00 
33-08 3°472 2-782 12-89 9-68 4-74 
37°95 4-295 3°276 711 5:08 5:83 
43-93 5-503 3-872 2-58 1-69 7:53 


TABLE V. 
Specific Conductivity of a 43-99% (M, = 5-50)-Solution of 
Magnesium Acetate at Various Temperatures. 


t? (+0-05°) .... 55:1 49-7 44-95 40-0 35-8 298 25-0 180 12-7 
es ae 10-02 $26 628 558 460 338 258 1-69 1-16 


Discussion. 


Fig. 2 shows the remarkable rapidity with which viscosity at 
25° increases with concentration. No simple equation has been 
found to cover the relation between the two. Rapid rise begins 
at about 2-5M,, the value relative to water as unity increasing 
from approximately 7 at that concentration to 155 at M,, = 5-4 
(M, = 3-9), a supersaturated solution. One might suppose this 
great change to be due to hydration of the salt, the amount of 
free solvent water becoming steadily less. The evidence is, how- 
ever, rather contrary to any such supposition. Thus, ease of 
hydration is doubtless, to some extent, a characteristic of both 
radicals of the salt, yet neither magnesium chloride nor sodium 
acetate shows anything approaching the behaviour of magnesium 
acetate. At 4:5, the former has a relative viscosity of only 
about 9: the latter, at 2-5M, (calculated on a doubled formula), 
the maximum concentration attainable, has the value 5.5. There 
is no indication in either case that a rapid rise is likely. 

Further, if the production of heavily hydrated molecules were 
the cause of the high viscosity of magnesium acetate solutions 
compared with those of magnesium chloride, one would expect 
the curve of the molecular lowering of freezing point of the former 
to lie well above that of the latter. Fig. 3 shows how very far 
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this is from being the case. The figures for magnesium chloride 
at the dilute end are by the author (Z. physikal. Chem., 1912, 80, 
546), while those for concentrated solutions are taken from the 
Landolt-Bérnstein “‘ Tabellen.” In infinitely dilute solution a 
lowering of 3 x 1-85° is to be expected for a ternary electrolyte 
fully dissociated. As concentration increases, the lowering dimin- 
ishes with decreasing dissociation and then, as is usual, passes 


Fia. 2. 
Temperature (curves A, B, and C). 
25° 35° 45° 55° 
% 1 
‘ 
180 “G sae 5 
’ Me 
\ é 
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4 | 
\ | 
\ | 
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\ 
\ 
‘\ 
°° . 
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2 ee 
» 0)-—-- 
"S ie. 
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through a minimum and begins to rise. This rise is commonly 
attributed, in part at least, to removal of solvent by hydration of 
solute. With magnesium chloride it becomes very great, exceeding 
12° at 2-7M,,: with the acetate it is only 6-5° at 2:35M,. If the 
extrapolation in Fig. 1 to a eutectic at — 29° and 34-5% anhydrous 
salt (MM, = 3-7) is correct, the molecular lowering at that tem- 
perature is only 7-8°; but one cannot be sure of this figure. Thus 
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the relation to magnesium chloride is incompatible with an assump. 
tion that the acetate is the more highly hydrated, and it appears 
that the increase in viscosity in concentrated solutions of the latter 
is due to some other property of the magnesium and acetate radicals 
in conjunction. 

A plausible suggestion is that as one passes from relatively 
dilute solutions, where ionic dissociation is considerable, there is 
an increasing tendency for association of molecules to occur, such 
association being the result of chelate ring-formation by means 
of the magnesium atom exercising a co-ordination number of 4 
towards oxygen atoms. In a single molecule, such a structure as 


H,C-C<)>Mg<OSc-cHy, with four-atom rings, is not likely to 


Fia. 3. 
Molecular lowerings of freezing point. Fia. 4. 


13° P; N 
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be stable, particularly in dilute solution where ionisation is con- 
siderable; but, with increase of concentration, polymerisation may 
occur to an indefinite extent with production of such chains as 


Dg <A> Mg <A> Mg <A Me where each unit in the chain 


(straight or branched) is >Me<O-CICH)=0>> a magnesium 
atom being linked by a co-valence to a doubly-linked oxygen 
atom of an acetate radical other than that originally attached to 
itself. It is a simple matter to draw possible spatial structures 
for di-, tri-, and higher molecular aggregates. Such polymerisation 
is of a type similar to that which apparently is shown by basic 
beryllium acetate. 

Chains of this kind will no doubt contribute very greatly to the 
viscosity of a solution and might well account for the values recorded 
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at high concentrations. If now there is such a progressive alter- 
ation in the constitution of solute, from simple ionised salt to more 
or less highly polymerised molecules, there should be marked 
differences in the effects of temperature upon differing concen- 
trations. At higher concentrations, increase of temperature, by 
promoting dissociation, should have a much greater effect upon 
viscosity, for instance, than it will have at lower concentrations 
where there is little or no polymerisation. The measurements of 
Table III, shown in the broken lines of Fig. 2, prove quite definitely 
that this is the case. Three solutions have been measured at 
several temperatures and each viscosity has again been expressed 
relatively to water at the same temperature. For an 18-4% 
(1:805/,,) solution the curve (A, Fig. 2) is almost horizontal; for 
46%, (5-97M,,) it (C) is very steep, and the lower the temperature 
the steeper is the gradient. 

The measurements of specific conductivity (Table 1V) show the 
usual maximum as concentration increases, but whereas this occurs 
at 2-5M, with magnesium chloride, it is at under 1M, with mag- 
nesium acetate, the conductivity being only one-fifth of the corre- 
sponding value for the former. It is idle, on the basis of conductivity 
work, to attempt comparisons of dissociation and ionic concen- 
trations in cases like these, where one cannot be certain that the 
ions are the same in concentrated as in dilute solutions, and where 
any allowance for viscosity can be nothing more than conjecture. 
Some interest, however, attaches to the temperature coefficient of 
the conductivity. Values at both 18° and 25° are included in 
Table IV, so that for each solution one can obtain the mean per- 
centage increase in conductivity per degree between these two 
temperatures. The values of 100(«.; —«,,)/7 < «,g are given in 
the sixth column of the table. Up to about 1, the increase is 
close to 2-5% per degree—quite a normal figure for salts—but the 
coefficient continues to grow at an increasing rate as concentration 
rises, reaching 7%, and rising rapidly, at 5-5M,. Here again 
magnesium acetate furnishes an unusual case and an assumption 
of polymerisation leads to a qualitative explanation. Dissociation 
of polymerides with rising temperature will increase the number 
of simple molecules, which presumably are much more capable of 
ionisation, and so give increased conductivity: here also, how- 
ever, it is unfortunate that one cannot deduct the effect, if any, 
due to change of viscosity between 18° and 25°. 

Keeping to one and the same highly concentrated solution, 
containing 43-9°/, of anhydrous acetate (M/, = 5-50; M, = 3-87) 
the figures of Table V show how conductivity varies over a wider 
range of temperature (12-7° to 55-1°). This solution is saturated 
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at 45°, but may be kept indefinitely at room temperature. Between 
the temperatures mentioned, the conductivity changes by more 
than 850% of its initial value—a very high figure for a salt. The 
rate of increase of conductivity with temperature is greater at 
higher temperatures, but the relative increase in value per degree 
is greater at the lower temperatures. 

While this high temperature coefficient may simply reflect 
altered mobility consequent upon altered viscosity, it is more 
probable that both viscosity and conductivity changes are due to 
a common cause, polymerisation, which is highly sensitive to 
temperature change. 

Some approximate measurements of surface tension have been 
made by the capillary tube method at 25°. There would seem to 
be little difference between the surface tensions of water and 
magnesium acetate solutions. Multiplying each rise by the density 
of the solution and dividing by the rise of pure water in the same 
tube, the following relative figures were obtained : 


% anhyd. Mg(C,H,0.), 601 140 235 236 31-4 39:3 
Dedustacdicteavesarwonanieacs 1013 1-006 1-002 1-001 0-980 0-968 


No great accuracy is claimed for the figures and the third decimal 
place may be incorrect by several units, but it appears fairly certain 
that there is an initial rise, as is usual with salts, which is followed 
by a decrease to less than the value for water: at none of the 
concentrations examined does the change in surface tension due to 
the presence of the salt exceed a few parts per cent. 

There are other physical properties of these solutions which 
will be investigated later and a comparison will be made with the 
acetates of calcium, strontium, and barium, the higher positivity 
of the atoms of which will presumably involve less tendency towards 
formation of polymers by non-polar linkages of the type so markedly 
shown by beryllium, and apparently still characteristic in magnesium. 
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CXXXVII.—The Nitration of Benzil. 


By Freprerick Danie, CHaTTaway and Epwarp AvuTy 
CovuLson. 


ALTHOUGH benzil is scarcely attacked by ordinary strong nitric 
acid, it is readily nitrated by fuming nitric acid. The reaction 
was first carried out by Zinin (Annalen, 1864, Suppl. 3, 153), who 
recognised that a new compound distinct from benzil and p-nitro- 
benzil was formed, but did not pursue the investigation further. 
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It was next studied by Zagumenny (J. Russ. Phys. Chem. Soc., 
1872, 4, 278), who, by crystallising the crude viscid product from 
alcohol, obtained a moss-like mass of irregular needles melting at 
107°, in which after some weeks two different kinds of crystals 
made their appearance and could be picked out. He thus obtained 
two substances crystallising respectively in yellow octahedra, 
mn. p. 131°, and in faintly yellow, rectangular plates, m. p. 147°. 
Analyses showed that all these substances had the composition 
of dinitrobenzil, but Zagumenny expressed no opinion as to their 
nature. His observations were apparently overlooked, for much 
later Klinger and Martinoff (Annalen, 1912, 389, 232) claim to 
have obtained an almost theoretical yield of pure mm’-dinitro- 
benzil, m. p. 108-5—109°, by nitrating benzil with a large excess 
of cold fuming nitric acid, and more recently Barnett and Kay 
(Chem. News, 1922, 125, 57), after remarking that the preparation 
of dinitrobenzil is much simpler than would be gathered from the 
literature, state that a nearly theoretical yield of practically pure 
mm’-dinitrobenzil, m. p. 109°, can be obtained by dissolving or 
suspending benzil in concentrated sulphuric acid and adding slowly 
an equal weight of potassium nitrate. 

The products described by Zagumenny (m. p. 107°), by Klinger 
and Martinoff (m. p. 108-5—109°), and by Barnett and Kay (m. p. 
109°) appear from their melting points to have been the same, and 
a re-examination of the crude substances obtained by each of the 
three methods proves that they are substantially identical. 

A closer examination of the nitration product, however, shows 
that it is not a single substance but a mixture of at least three 
isomeric dinitrobenzils. These have been separated, mainly by 
fractional recrystallisation, but partly by mechanical assortment 
of the crystals. 

The crude nitration product, which melts not very sharply at 
about 107°, has been thus shown to consist of approximately 70% 
of mm’-dinitrobenzil, m. p. 132°, 20% of om’-dinitrobenzil, m. p. 
149°, and about 10% of oo’-dinitrobenzil, m. p. 208°. 

The constitutions of the first two isomerides have been established 
by their oxidation to the corresponding nitrobenzoic acids, whilst 
the third has been shown to be identical with the oo’-dinitrobenzil 
obtained by Klieg] and Haas (Ber., 1911, 44, 1213) by the oxidation 
of oo’-dinitrotolane. : 


EXPERIMENTAL. 


Nitration of Benzil_—Preliminary experiments in which benzil 
was heated with fuming nitric acid as described by Zagumenny 
showed that the product very closely resembled those obtained 


1072 CHATTAWAY AND COULSON: THE NITRATION OF BENZIL. 


when the nitration was effected by a large excess of cold fuming 
nitric acid as described by Klinger and Martinoff or by a mixture 
of cold strong sulphuric acid and potassium nitrate as described 
by Barnett and Kay. The crude products were identical in appear. 
ance, and the moss-like, fluffy crystals obtained by cooling satur. 
ated solutions in boiling alcohol had a similar appearance and 
were of approximately the same melting point, although this 
varied somewhat and was never sharp. All three products were 
similar mixtures of isomerides. The behaviours of the moss-like 
masses of yellow crystals, which separated when solutions of the 
crude products in boiling alcohol were cooled, on recrystallisation 
from acetone were similar, and the proportions of the various con- 
stituents of the mixture, separated as described later, were as far 
as could be judged about the same. 

Preparation of the Crude Mixture of Isomeric Dinitrobenzils.— 
Benzil (120 g.) and 240 g. of nitric acid (d 1-52) were slowly heated 
in a litre Jena flask with a ground-in air condenser and allowed to 
boil gently for about 5 hours. The mixture was then poured on 
to crushed ice, when a viscid, yellow mass separated. The aqueous 
supernatant liquid was decanted off and the yellow product, which 
collected together and could be easily separated, was repeatedly 
extracted with boiling water. In this way the nitrobenzoic acids 
formed as by-products were removed. The warm, yellow, plastic 
mass was then drained as completely as possible and allowed to 
cool, when it slowly solidified. The yield of crude product 
was about 150 g. (about 80% of the theoretical). The dry 
product was finely powdered and dissolved in boiling acetone. 
On cooling, a moss-like, crystalline mass separated in which 
larger, definitely-shaped crystals slowly made their appearance. 
On allowing the crystalline mass to remain for some days in the 
mother-liquor at the ordinary temperature, the quantity of com- 
pact crystals appeared to increase, and under the microscope they 
were seen to be of different kinds. 

The whole crude product was therefore systematically fractionally 
crystallised from acetone and was thus separated into three fractions 
of very different appearance and solubility. 

The three fractions were finally repeatedly crystallised until 
their behaviour and appearance remained unchanged after several 
crystallisations from different solvents. The least soluble fraction 
was oo’-dinitrobenzil, the fraction of intermediate solubility was 
om’-dinitrobenzil, whilst the most soluble constituent was mm’-di- 
nitrobenzil. 

mm ’-Dinitrobenzil, NO,.*C,H,CO-CO-C,H,°NO,, is moderately 
easily soluble in boiling alcohol and very easily soluble in boiling 
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acetic acid, benzene, chloroform, or acetone. It separates from 
each of these solvents in tufts of pale yellow, irregular, slender, 
prismatic crystals, m. p. 132°. These crystals in the mother- 
liquor have a moss-like appearance (Found: ©, 56-2;. H, 2°8; 
N, 9-5. Cale. for C,,H,O,N,, C, 56-0; H, 2-7; N,9-3%). When 
dissolved in boiling acetic acid and oxidised by adding chromic 
acid from time to time, it is converted into m-nitrobenzoic acid 
only (yield 52—55°% of the theoretical). 

om’-Dinitrobenzil is much less soluble in all solvents than the 
mm’-isomeride, but is somewhat more soluble than the oo’-isomer- 
ide. It is sparingly soluble in boiling acetic acid, chloroform, 
benzene, or acetone, and separates from the last in pale yellow, 
short, compact, six-sided prisms, m. p. 149°, showing a tendency 
to aggregate in warty-looking crusts. The crystals are photo- 
tropic and on exposure to light assume a green colour (Found: 
C, 56:0; H, 2:7; N, 9:4%). On oxidation by chromic acid, a 
mixture of m- and o-nitrobenzoic acids was obtained. 

In the early stages of the fractional crystallisation of the crude 
product of intermediate solubility, clear, transparent crystals of a 
much deeper shade of yellow than the others make their appearance. 
These apparently are the crystals described as yellow octahedra 
by Zagumenny. In spite of their characteristic shape and colour, 
however, they prove to be, not a fourth isomeride, but mixed crystals 
containing the oo’- and the mm’-isomerides. On heating, they 
soften at about 129°, but do not melt completely till a temperature 
in the neighbourhood of 190° is reached, and if recrystallised from 
acetone can be separated into mm’-dinitrobenzil and oo’-dinitro- 
benzil. 

00’-Dinitrobenzil is very sparingly soluble in boiling alcohol and 
only sparingly soluble in boiling acetone, acetic acid, chloroform, 
or benzene. From solutions in these solvents, it separates in 
small, compact, pale yellow, six-sided prisms with basal ends, 
m. p. 208° (Found: C, 55-9; H, 2-8; N,9-2%). It is phototropic 
and becomes green when exposed to light. It is scarcely attacked 
by chromic acid and can be recovered practically unchanged after 
prolonged boiling with chromic acid in acetic acid solution. Its 
constitution was established by comparing it with oo’-dinitrobenzil 
prepared by the oxidation of 0o'-dinitrotolane (Klieg] and Haas, 
loc. cit.). ‘The two specimens were identical in colour, appearance, 
and properties. They melted at the same temperature, 208°, 
alone and when mixed together, and were similarly phototropic 
and resistant to oxidation. 
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CXXXVIII.—Synthesis of 7-Methoxy-3-(6'-bromohomo- 
piperonyl)-2-methyl-1 : 4-benzopyrone. 


By Witson Baker. 


BakER and Rosrnson (J., 1925, 127, 1426) recently described the 
dibromide of 7-methoxy-3-homopiperony]-2-methyl-1 : 4-benzo- 
pyrone (I), and showed that it was transformed by boiling with 
alcohol into a monobromo-substitution product of the original 
pyrone, which was formulated as the 6-bromchomopiperony] 
derivative (II). 


Me Ny Me CH, 
vey yang oe y 0 Br Jom 
MeO ) a) MeO} ary 


As some theoretical conclusions were drawn from this reaction, 
it has been considered advisable to establish definitely the constitu- 
tion of the monobromo-derivative. The compound (II) has there- 
fore been synthesised. It is identical in all respects with the product 
obtained from the dibromide, the original formula being thus 
confirmed. 

The synthesis was first attempted from 6-bromopiperonal by a 
series of reactions analogous to those used for the preparation of 
7-methoxy-3-homopiperony]-2-methyl-1 : 4-benzopyrone (Baker and 
Robinson, loc. cit.), but this was found impracticable. 6-Bromo- 
piperonal could not be induced to condense with an alkaline, aqueous 
solution of sodium cyanoacetate, but it condensed readily with ethyl 
cyanoacetate in presence of piperidine, and the resulting ester was 
hydrolysed to 6-bromopiperonylidenecyanoacetic acid (III). This 


; a ‘cu: C(CN)CO,H og a 6 ‘oH. ‘CH, “CN 
No\/®* at) ‘0/\ 7" av. 

acid on reduction with sodium amalgam in aqueous solution gave, 

however, «-cyano-$-piperonylpropionic acid, the bromine atom being 

eliminated. 

The nitrile (IV) was therefore prepared by bromination of 
8-piperonylpropionitrile, the position of the bromine atom being 
established by the fact that on hydrolysis it gave the corresponding 
acid, m. p. 139—140°, described by Weinstein (Annalen, 1885, 227, 
43). The position of the bromine atom in Weinstein’s acid was 
not known at the time, but it was prepared by the oxidation of the 


10- 


the 
Z0- 
ith 
nal 
y] 


(6’-BROMOHOMOPIPERONYL)-2-METHYL-1 : 4-BENZOPYRONE. 1075 


acid CH,O,:C,H,Br-CH,*CH,°CH:CH-CO,H, and its formation was 
accompanied by the production of a bromopiperonal, m. p. 129°, 
and a bromopiperonylic acid, m. p. 204°, both of which have since 
been shown to be 6-bromo-derivatives. It follows that the bromo- 
piperonylpropionic acid was also the 6-derivative. By condensation 
with resorcinol under the conditions of the Hoesch synthesis 
3-6-bromopiperonylpropionitrile gave 6'-bromohomopiperonylresaceto- 
phenone (V), which by acetylation with acetic anhydride in presence 
of sodium acetate, followed by hydrolysis and methylation, gave 
the chromone (I]). 

cm (OOH og 

Yon" sv 


(V.) 


EXPERIMENTAL. 


6-Bromopiperonylidenecyanoacetic Acid (JI1).—6-Bromopiperonal 
(10 g.), ethyl cyanoacetate (10 c.c.), aleohol (50 c.c.), and piperidine 
(10 drops) were heated for 10 minutes. The yellow crystals, m. p. 
131°, obtained were identical with the product prepared by Bechert 
(J. pr. Chem., 1894, 50, 19) by brominating piperonylidenecyano- 
acetic ester, which has since been shown by Piccinini (Atti R. Accad. 
Sci. Torino, 1905, 40, 463) to be the 6-bromo-derivative. By 
hydrolysis with a slight excess of alcoholic sodium hydroxide for 
5 minutes, dilution, extraction with ether, and acidification, the acid 
was precipitated. It crystallised from much alcohol in bright yellow, 
lustrous needles, which melted on rapid heating at about 300° 
(decomp.) (Found : C, 44-7; H, 2-3; N,4-9; Br, 27-1. C,,H,O,NBr 
requires C, 44-6; H, 2-0; N, 4-7; Br, 27-0%). It gives a yellow 
solution in concentrated sulphuric acid. 

8-6-Bromopiperonylpropionitrile (IV).—A mixture of -piperonyl- 
propionitrile (25 g.), glacial acetic acid (500 c.c.), and bromine (25 g.) 
was kept for } hour, heated for 5 minutes, and poured into water. 
The product crystallised from alcohol in colourless needles, m. p. 81° 
(Found: C, 47-4; H, 3-4; N, 5-7; Br, 31-8. C,)H,O,NBr requires 
C, 47-3; H, 3:2; N, 5-5; Br, 315%). The reaction mixture must 
not stand for longer, as owing to the action of hydrogen bromide 
and acetic acid $-6-bromopiperonylpropionamide separates. This 
crystallises from alcohol in colourless, lustrous needles, m. p. 151° 
(Found : C, 44:3; H,3-9; N,5-4; Br, 29-6. C,)H,)O,NBr requires 
0, 44:1; H,3-7; N,5-2; Br, 29-4%). 6-6-Bromopiperonylpropionic 
acid crystallises from chloroform in colourless prisms, m. p. 139— 
140° (Found: Br, 29-4. Calc., Br, 29-3°%) (compare Weinstein, 
loc. cit.). In concentrated sulphuric acid, these substances, com- 
pound (V), and 6-bromopiperonal give cherry-red solutions, which 
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soon darken, turn brown, and finally brownish-green. In the last 
case, the final colour is more brown. 

6’- Bromohomopiperonylresacetophenone (V).—f-6-Bromopiperonyl. 
propionitrile (10 g.), resorcinol (20 g.), anhydrous ether (200 c.c.), 
and powdered zine chloride (10 g.) were saturated with anhydrous 
hydrogen chloride, and again after 24 hours. After standing, the 
solid ketimine was washed with ether and hydrolysed by heating 
with water for 2 hours. The ketone was dissolved in aqueous 
sodium hydroxide, the solution extracted with ether, and the 
product precipitated by carbon dioxide (yield 4 g.). It crystallises 
from slightly diluted acetic acid in pale brown prisms, m. p. 163° 
(Found : C, 52-3; H, 3-5; Br, 21-6. C,,H,,0;Br requires C, 52-6; 
H, 3-6; Br, 21-9%). 

7-Methoxy-3-(6'-bromohomopiperonyl) - 2 - methyl-1 : 4 - benzopyrone 
(1I).—The above ketone (2 g.), anhydrous sodium acetate (2 g.), and 
acetic anhydride (20 c.c.) were heated at 180° for 36 hours. Treatment 
with water gave a dark, uncrystallisable oil, which was hydrolysed 
with dilute alcoholic sodium hydroxide. The phenolic compound 
was methylated at 60° with methyl sulphate and aqueous potassium 
hydroxide; a solid (1-4 g.) then separated which by crystallisation 
from alcohol (200 c.c.) (charcoal) formed bunches of pale brown 
prisms, m. p. 206—207°. ‘The melting point was not depressed on 
admixture with a specimen of the bromo-derivative prepared from 
the dibromide (I). Further, its reaction with sulphuric acid was 
identical with that given by the compound prepared from (I). The 
cherry-red solution rapidly became somewhat purple and darker, 
then light grey, and finally bright olive-green, the changes occupying 
about 3 minutes at the ordinary temperature. 


The author wishes to thank Professor R. Robinson for the interest 
he has taken in the research, and Mr. A. Pollard for assistance with 
a portion of the experimental! work. 
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CXXXIX.—Preparation and Resolution of dl-cis-2 : 5- 
Dimethylpiperazine. 


By Freperic Barry Kippinag and WitLIAM JACKSON PopE. 


On reducing 2 : 5-dimethylpyrazine, n<pieCH>N, with sodium 


and alcohol, Stoehr (J. pr. Chem., 1893, 47, 494; 1897, 55, 49) 
obtained two products which he described as the a- and 8-2: 5- 


st 


dl-cis-2 : 5-DIMETHYLPIPERAZINE. 1077 


dimethylpiperazines ; the «-compound constituted the main product 
and only small quantities of the $-isomeride were formed. Pope 
and Read identified Stoehr’s «-2:5-dimethylpiperazine as the 
frans-isomeride (J., 1912, 101, 2325), but did not separate the 
gcompound from the reduction product of the pyrazine; they 
secured, however, a quantity of residues left during the manu- 
facture of lycetol, the tartrate of the «-base, and separated there- 
from a substance which corresponded closely in properties with 
Stoehr’s 6-base. The study of the latter product (J., 1914, 105, 
219) conclusively proved it to be the cis-2 : 6-dimethylpiperazine, 
which Pope and Read hence supposed to be Stoehr’s §-2 : 5-di- 
methylpiperazine. This supposition is now shown to be erroneous. 

The confusion arose from the close similarity in physical properties 
between the dl-cis-2 : 5-dimethylpiperazine, m. p. 114—115°, and 
the cis-2 : 6-dimethylpiperazine, m. p. 110—111°; the 1: 4-di- 
benzoyl derivatives melt at 145—146° and 147—148°, respectively, 
but mixtures of the two melt at about 120-—130°. 

The present paper describes the repetition of Stoelr’s preparation 
of his $-2 : 5-dimethylpiperazine and the resolution of this com- 
pound into its d- and l-components. The resolution was effected 
by Pope and Read’s method of condensation with d-hydroxy- 
methylenecamphor, and Stoehr’s #-compound is thus proved to 
be the dl-cis-2 : 5-dimethylpiperazine. 


EXPERIMENTAL, 

isoNitrosoacetone (270 g.) was prepared from ethyl acetoacetate 
(700 g.) by the method of Ceresole (Ber., 1882, 15, 1326) and then 
reduced by the method of Gabriel and Pinkus (Ber., 1893, 26, 
2206) to 2: 5-dimethylpyrazine, each 50 g. yielding about 12 g. 
of the base. ‘The 2: 5-dimethylpyrazine (10 g.) was then reduced 
as described by Stoehr and the mixture of «- and $-dimethylpiper- 
azine hydrochlorides (about 8 g.) isolated; the operation was 
repeated until about 160 g. of the salt had been obtained. The 
dried and powdered hydrochloride was repeatedly extracted with 
boiling absolute alcohol, in which the «- or trans-compound is 
very sparingly soluble; the alcoholic extract on evaporation 
yielded about 8 g. of crude dl-cis-dimethylpiperazine. ‘The reduc- 
tion product of the pyrazine thus contains about 95% of the trans- 
compound and only about 5°%% of the cis-isomeride. 

dl-1 : 4-Dibenzoyl-cis-2 : 5-dimethylpiperazine—This compound, 
prepared by the Schotten-Baumann reaction from the hydro- 
chloride, crystallises from alcohol in colourless prisms, m. p. 145— 
146°; Stoehr gives 147—148° for his £-compound. Analysis 
failed to reveal the presence of a molecule of water of crystallis- 
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ation indicated by Stoehr (Found: C, 74-4; H, 6-8; N, 8-7. Cale, 
for C,>H,.0,.N., C, 74:5; H, 6-8; N, 8-7%); the identity in com. 
position between the «- and $-compounds may be associated with 
the close similarity in crystalline form previously noted (J., 1914, 
105, 223). As remarked above, the compound depresses the 
melting point, namely, 145—146°, of Pope and Read's 1 : 4-dibenz. 
oyl-cis-2 : 6-dimethylpiperazine. 

The p-Toluenesulphonyl Derivatives.—In view of the similarity 
in melting point between the cis-2 : 5- and cis-2 : 6-isomerides just 
noted, it was thought desirable to prepare other acidic derivatives, 
The 1 : 4-di-p-toluenesulphonyldimethylpiperazines were made by 
warming the hydrochlorides of the base with p-toluenesulphonyl 
chloride and caustic soda solution. 

1 : 4-Di-p-toluenesulphonyl-cis-2 : 5-dimethylpiperazine crystallises 
from alcohol in minute, colourless prisms, m. p. 146—147°, the 
melting point being the same as that of the corresponding benzoyl 
derivative (Found: C, 56-9; H, 6-15. C,. 9H,,0,N.S, requires 
C, 56-8; H, 6-2%). 

1 : 4-Di-p-toluenesulphonyl-trans-2 : 5-dimethylpiperazine is almost 
insoluble in the usual solvents and after washing with alcohol 
melted at 225°; it is remarkable that this melting point is also 
identical with that of the benzoyl derivative (Found: C, 56-9; 
H, 6:2%). 

1 : 4-Di-p-toluenesulphonyl-cis-2 : 6-dimethylpiperazine is very 
soluble in alcohol and acetone, but less soluble in light petroleum; 
it crystallises from the latter, to which a little alcohol has been 
added, in needles, m. p. 89—90° (Found: C, 56-8; H, 6-2%). 
The marked difference in physical properties between these three 
isomerides is further confirmation of the separate identity of the 
three parent bases. 

Resolution of cis-2 : 5-Dimethylpiperazine—The hydrochloride of 
the racemic base was boiled in alcoholic solution with caustic 
potash (2 mols.) and d-hydroxymethylenecamphor (2 mols.) for 
} hour; the gummy deposit obtained on pouring into water crystall- 
ised on treatment with light petroleum and then melted at 167— 
170°. On fractional crystallisation from light petroleum contain- 
ing a little alcohol d-cis-2 : 5-dimethylpiperazine-d-bismethylene- 

C:CH:N—CH,——C HMe O . 
to buiMe-CHy SOHC —— 
in colourless needles, m. p. 210°. 0-1016 G. made up to 20 c.c. 
with alcohol gave 5, + 7-6° in a 2-dem. tube; whence [«}%, = 
+ 747°. The more soluble fraction after several crystallisations 
melted at 176—177°; this product represents 1-cis-2 : 5-dimethyl- 
prperazine-d-bismethylenecamphor which still contained some stereo- 


camphor, C,H4,4 
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jomeride and gave [a], + 635° in alcoholic solution (Found : 
(, 76-8; H, 9-6. C,,H,.0,N, requires C, 76:7; H, 9-6%). 

The d- and /-dimethylpiperazines were separated from the above 
derivatives by treatment with bromine by the method of Read 
and Pope and isolated as the hydrobromides; neither salt showed 
measurable rotatory power in alcoholic solution. In many analogous 
cases, however, the specific rotation of a base is a small fraction of 
that of the benzoyl derivative; the d- and /-hydrobromides were 
therefore benzoylated in the hope that optical activity might be 
detected. 

d- and 1-1 : 4-Dibenzoyl-cis-2 : 5-dimethylpiperazine.—The d-isomer- 
ide was obtained pure by crystallisation from acetone and forms 
colourless prisms, m. p. 164—165° (Found: C, 75-1; H, 6-7. 
CypHo.O,N, requires C, 74:5; H, 6-8%). 0-0985 G. made up to 
2 c.c. with alcohol gave a4, + 2-44° in a 2-dem. tube; whence 
[)ss61 == ++ 247°. 

The /-isomeride was not separable in a pure state from the material 
available, and the best specimen obtained melted at 140—142° 
and gave [«],;,; — 146° in alcoholic solution. 

In order to make sure that these compounds had not been con- 
fused with the benzoyl ester of hydroxymethylenecamphor, which 
has nearly the same carbon and hydrogen content, the latter sub- 
stance was prepared; it melts at 119—120° (Bishop, Claisen, and 
Sinclair, Annalen, 1894, 281, 374). 0-0820 G. made up to 20 c.c. 
with alcohol gave c54., -+- 1-44° in a 2-dem. tube, whence [«]?. = + 
175°. Further to ensure that no confusion has occurred, the 
trans-2 : 5-dimethylpiperazine-d-methylenecamphor of Pope and 
Read (J., 1912, 101, 2334) was again recovered. from the various 
fractions and converted into its benzoyl derivative. In no case 
was an optically active benzoyl derivative obtained. 


Summary. 

Stoehr’s 8-2: 5-dimethylpiperazine has been identified as the 
cis-isomeride by resolving it into optically active components. 
It is not identical with the cis-2 : 6-dimethylpiperazine of Pope and 
Read, although the similarity in physical properties between the 
two bases and their corresponding derivatives is such as to suggest 
identity. 


Tue Universrry CuemicaL LABORATORY, - 
CAMBRIDGE. [Received, February 22nd, 1926. ] 
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CXL.—Interactions of Tellurium Tetrachloride and 
Aryl Alkyl Ethers. Part II. 


By Grpert T. Morean and Ricwarp EatoucH KEtzerr. 


THE interaction of tellurium tetrachloride and anisole is first | 


mentioned in a communication by Michaelis (Ber., 1897, 30, 2821) 
on organic compounds containing inorganic radicals, where he refers 
to the ready introduction of the bivalent radicals SeCl, and Te(l, 
into various classes of organic substances. Aromatic derivatives 
of the former radical had been previously described by one of his 
pupils, Kunckell (Ber., 1895, 28, 609), and Michaclis was then 
announcing the discovery of an analogous series of tellurium 
derivatives, the work of Rust, another collaborator in the Rostock 
laboratories (Ber., 1897, 30, 2828). 

By warming together tellurium tetrachloride (1 mol.) and anisole 
(2 mols.), Rust obtained a yellow compound to which, from his 
analyses given in duplicate, he gave the name “ dichlorotelluro- 
anisol” with formula TeCl,(Cg,H,°O-CH,).. This substance was 
purified from crude material by transforming the latter into 
dihydroxide, (CH,*O-C,H,),Te(OH),, and regenerating the dichloride 
with hydrogen chloride. . 

From this dihydroxide Rust also prepared the dibromide, 
TeBr,(C,H,°O°CH;),, di-iodide, TeI,(C,H,°O-CH;),, dinitrate, 
(CH,°O-C,H,).Te(NO,)., and chloroplatinate, 

(CH,"O-C,H,),TeCl,, PtCl,. 

The subject was next taken up by Rohrbaech (Annalen, 1901, 
315, 9), who referred to the dissimilarities observable in the 
behaviour of selenium tetrachloride and tellurium tetrachloride 
as regards their condensations with aryl alkyl ethers. In the former 
case two substances were obtained, bisanisyl selenide and bisanisyl 
selenidichloride, whereas in Rust’s experiments bisanisy] telluridi- 
chloride was the sole product. 

In order, therefore, to obtain bisanisyl telluride, Rohrbaech 
removed chlorine from Rust’s alleged dichloride with zinc dust in 
benzene and obtained a highly coloured compound which he stated 
was “ p-telluroanisol,’ Te(C,H,°O-CH;),. He also converted this 
alleged monotelluride, by suitable treatment with chlorine, bromine, 
and dilute nitric acid, respectively, into Rust’s dichloride, dibromide 
and dinitrate. 

Fourteen years later, Rohrbaech’s supposed bis-p-anisy] telluride, 
Te(C,H,°O-CH,)., was examined by Lederer (Ber., 1915, 48, 1424), 
who prepared its mercurichloride, mercuribromide, and mercuri- 
iodide, C,,H,,0,TeHgX, (X = Cl, Br,orI). Lederer also obtained 
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(loc cit., p. 2053) by the action of methyl iodide on Rohrbaech’s 
telluride a product yielding anisoledimethyltelluronium picrate. 
But the conclusions which he drew from this methylation have, 
however, been already shown to be groundless and a complete 
explanation of the reaction has been given in the previous paper on 


1 this subject (Morgan and Drew, J., 1925, 127, 2310). 


In a subsequent paper, Lederer (Ber., 1916, 49, 1076) obtained the 
true bis-p-anisyl telluride by the interaction of tellurium dibromide 
and magnesium p-anisyl bromide and converted this telluride into 
dichloride, dibromide, di-iodide, and oxide. The whole para- 
series differed essentially from the corresponding derivatives of 
Rohrbaech’s telluride made either by that investigator, or by Rust 
or by Lederer himself. Later, Lederer prepared the corresponding 
members of the meta- and ortho-series, again using the Grignard 
reaction but with the appropriate magnesium m- or o-anisyl iodide 
(Ber., 1919, 52, 1989; 1920, 53, 712), and since these two series 
also differed from Rohrbaech’s presumably isomeric series it followed 
by exclusion that, in the Rust-Rohrbaech preparations, tellurium 
had been introduced into the side chain, thus giving the formula 
Br,Te(CH,*O-C,H;),. But this conclusion is fallacious, because the 
original assumption of isomeric relationship between the Rust- 
Rohrbaech and Lederer series of compounds is incorrect. 

The researches described in the present communication furnish a 


] correct explanation of the foregoing differences. 


The compound first handled by Rust was not dichlorotelluro- 


j bisanisole, Cl,Te(C,H,-O-CH,),, but p-anisyltelluritrichloride (I), 


and accordingly its highly coloured reduction product obtained by 
Rohrbaech with complete elimination of chlorine was not a bisanisyl 
telluride (CH,-O-C,H;—H),Te, but bis-p-anisyl ditelluride (II). 


O-CH, O-CH, OCH; 
rs fs. fs 
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Hence Lederer’s discussion of the constitution of Rohrbaech’s 
assumed bisanisyl telluride is irrelevant, inasmuch as he was not 
even dealing with an isomeride of his three o-, m-, and p-bisanisyl 
tellurides. 

Our experiments show conclusively that p-anisyltelluritrichloride 
(I) is the sole product of the interaction of tellurium tetrachloride 
(1 mol.) and anisole (3 mols.) in warm chloroform, the yield being 
quantitative. In the preparations made by Rust and by Lederer 
the reagents were heated together without solvent on the water- 
bath, but on repeating their experimental conditions we again 
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obtained p-anisyltelluritrichloride as the sole product. The yellow 
colour of the substance and its mode of hydrolysis together with 
complete analytical data confirm our conclusions as to its constitu. 
tion (I). 

On reduction with potassium metabisulphite, the trichloride gave 
a quantitative yield of bis-p-anisyl ditelluride (II), obtained in dark 
brownish-red crystals with green, metallic lustre. In its intense 
colour this ditelluride resembles Lederer’s bisphenyl ditelluride 
(Ber., 1915, 48, 1345), which is described as separating in blood-red 
crystals. Further evidence for the composition of bis-p-anisyl 
ditelluride (II) is afforded by molecular-weight determination and 
by the large tellurium content of the compound. 

It now remained to prepare the true bis-p-anisyltelluridichloride 
(III) and this was accomplished by heating tellurium tetrachloride 
with excess of anisole at 150—180°; this dichloride was then 
obtained in practically quantitative yield. 


OCH, 0-CH, O-CH, O-CH, 
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This dichloride (III), unlike the trichloride (I), is colourless and 
reducible only with difficulty, but when the chlorine is removed 
entirely with zinc dust, the product, bis-p-anisyl telluride (IV), is 
also colourless. As already pointed out in earlier papers on organic 
tellurium compounds, these colour differences are themselves a 
useful guide to the constitution of tellurium derivatives (Morgan 
and Drew, J., 1925, 127, 531, 2307). 

Having thus established the nature of the tellurium anisy! deriv- 
atives, we made comparative experiments on the next homologues of 
anisole and found that the formation of telluritrichlorides took place 
most readily with o-tolyl methyl ether, and the resulting yellow 
2-methoxytolyl-5-telluritrichloride was reducible to the intensely 
coloured bis-2-methoxy-5-tolyl ditelluride. Telluritrichlorides were 
obtained, but with greater difficulty, from m- and p-tolyl methyl 
ethers. 


Addendum. Interaction of Tellurium Tetrachloride and the 
Homologues of Acetic Anhydride. 


During this collaboration, experiments were also made to ascer- 
tain whether the condensation found to take place between tellurium 
tetrachloride and acetic anhydride (Morgan and Drew, J., 1925, 
127, 531) could be effected with anhydrides of the homologues of 
acetic acid. 
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The results showed that the tendency to undergo this condens- 
ation with tellurium tetrachloride fades away rapidly as the homo- 
logous series is ascended. 

Trichlorotelluripropionic acid obtained from propionic anhydride 


- was reducible to ditellurodipropionic acid. With n-butyric 


anhydride, tarry products predominated and only a very little of 
the telluriferous butyric acid was observed. With isovaleric 
anhydride, a considerable proportion of the tetrachloride was 
reduced with elimination of tellurium. 


EXPERIMENTAL. 
Condensation of Tellurium Tetrachloride and Anisole. 


1. Interaction in Chloroform.—Tellurium tetrachloride (2 g.), 
2-4 g. of anisole, and 30 c.c. of dry chloroform were heated on the 
water-bath for 2 hours. The mixture became yellowish-red even 
in the cold, but on warming hydrogen chloride was evolved copiously 
and the condensation product crystallised to a mass of yellow 
needles. No tellurium was evolved and the condensation pro- 
ceeded quantitatively. ‘The crude product melted at 190° and gave 
Cl, 30-7% (Cale. for di- and tri- chlorides, Cl, 17-2 and 31-2, re- 
spectively). 

In contact with water, this crude yellow trichloride was hydrolysed 
to a white hydroxide. When treated with cold aqueous potassium 
metabisulphite (2} mols.), the hydroxide was reduced to an insoluble 
dark red product which on crystallisation from dilute aleohol melted 
at 57° and gave Te, 56-8%, (Calc. for dianisyl monotelluride and 
ditelluride, Te, 37-3 and 54-8 respectively). 

The foregoing analyses, even when effected on the crude products 
of reaction, show that in chloroform, tellurium tetrachloride and 
anisole (3 mols.) yield an anisyltelluritrichloride which on reduction 
furnishes dianisy] ditelluride. 

2. Condensation without Solvent (Method of Rust and Lederer).— 
The trichloride obtained by the foregoing procedure was apparently 
identical with Rust’s “ dichlorotelluroanisol,’’ although our analysis 
indicated a trichloride. As the solvent used in our experiments 
may have modified the reaction, we repeated the condensation 
according to Rust’s recipe, which is practically identical with the 
method adopted by Lederer (loc. cit.). The crude products in two 
preparations melted at 195° and 190° and after one crystallisation 
from dry chloroform gave Cl, 29-8 and 30-9°/, whereas the di- and 
tri-chlorides require, respectively, Cl, 17-2 and 31-:2%. 

Reduction of the foregoing products of the dry process with ice- 
cold aqueous potassium metabisulphite furnished a substance which 


crystallised from warm alcohol, on addition of water, in dark red, 
PP 
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glistening crystals, m. p. 57°. Reduction with zinc dust in benzene 
led to a dark red oil, the alcoholic solution of which yielded a dark 
red substance melting at 49—51°, a melting point corresponding with 
Rohrbaech’s 50° and Lederer’s ‘“ 50° not easily observed because of 
the dark colour.” 

p-Anisyltelluritrichloride, CH,°O-C,H,°TeCl,—On warming © to- 

gether tellurium tetrachloride (1 mol.) and anisole (1{3—2 mols.) in 
dry chloroform solution a practically quantitative yield of the tri- 
chloride was obtained, calculated on the tetrachloride; the product 
separated directly in a nearly pure condition. Dry chloroform 
or ether was used for recrystallisation, the substance separating 
in yellow needles, m. p. 190° (Found: C, 24-3, 24:7; H, 2-3, 2-1; 
Cl, 31-1; Te,37-7. C,H,OCI,Te requires C, 24.6; H, 2-05; Cl, 31-2; 
Te, 37-4%).* 

p-Anisyltelluritrichloride was almost insoluble in cold chloroform, 
benzene, or light petroleum and dissolved only moderately in the 
warm solvents. With water and moist solvents, it decomposed to 
a white hydroxide; it dissolved completely in hydrochloric acid or 
aqueous caustic soda. 

Acetic acid added to a solution of 2 g. of p-anisyltelluritrichloride 
in 2N-sodium hydroxide precipitated a white amorphous powder 
having no definite melting point. Dissolution in alkali and pre- 
cipitation with acetic acid were repeated; the amorphous product, 
after drying, gave C, 28-4; H, 2-6; whereas a_ trihydroxide, 
CH,"0-C,H,’Te(OH),, would require C, 29-4; H, 35%. As the 
substance was insoluble in ordinary solvents and uncrystallisable, 
it was not investigated further. For a product obtained under 
essentially the same conditions Rust obtained Te, 33-55, 33-60; 
C, 44:37, 44-46; H, 4:34, 4:33, corresponding with a di-p-anisyl- 
telluridihydroxide, (CH,°O-C,H,),Te(OH),. Two other carbon and 
hydrogen determinations confirmed the lower values for these 
elements, and a portion of the hydroxide when evaporated with 
concentrated hydrochloric acid regenerated yellow needles of 
p-anisyltelluritrichloride (m. p. 191°. Found: Cl, 30-3; calc., 
Cl, 31-2%). 

This hydrated oxide dissolved in warm dilute nitric acid and, on 
cooling, a yellowish-pink, amorphous precipitate separated (m. p. 
190—210°); the filtrate yielded yellowish-white plates, identified 
by melting point and analysis as 2 : 4-dinitrophenol. 

Bis-p-anisylditelluride (11), obtained in almost quantitative yield 


* Tellurium is most satisfactorily determined in these compounds by the 
Carius method (9—-10 hours at 260°); the solution is evaporated to dryness 
with hydrochloric acid, the residue dissolved in water, and the tellurium 
precipitated with hydrazine hydrochloride and sulphurous acid. 
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on adding gradually potassium metabisulphite to p-anisyltelluritri- 
chloride suspended in ice-water, crystallised from dilute alcohol or 
petroleum (b. p. 40—60°) in reddish-brown crystals. From its 
more concentrated solution in benzene the ditelluride separated in 
highly lustrous, green crystals (Found: C, 35-6; H, 3-0; Te, 54-2; 
M, cryoscopic in benzene, 472-5. C,H,OTe requires C, 35-8; 
H, 3-0; Te, 54.4%. C,,H,,0,Te, requires VM, 469). 

The ditelluride oxidised slowly in air to a yellowish-grey substance, 
and its alcoholic solution was at once decolorised by hydrogen 
peroxide ; a white, amorphous product was obtained on concentrat- 
ing the liquid. On passing chlorine through its chloroform solution, 
the colour changed and p-anisyltelluritrichloride crystallised out 
(m. p. 192°). Bromine in similar circumstances yielded p-anisyl- 
telluritribromide, separating in orange-yellow crystals, m. p. 187-5° 
(Rust’s dibromotelluroanisole melted at 183—185°). This tri- 
bromide was hydrolysed by water to the white hydroxide and with 
metabisulphite it regenerated the di-p-anisy] ditelluride. On adding 
aqueous mercuric chloride to the ditelluride in ethereal solution, 
a light brown mercurichloride was precipitated. 

Di-p-anisyltelluridichloride (I11).—Tellurium tetrachloride (15 g.) 
and 30 g. of anisole (5 mols.) were heated for 24 hours at 
150—180°, the solution being afterwards allowed to solidify in a 
vacuum. The yield of crystalline product was 95% of the 
theoretical. The dichloride crystallised from benzene—petroleum 
(b. p. 40—60°) in colourless prisms, often retaining a slightly pink 
tinge; it melts at 181—182° (Found: C, 40-5; H, 3-6; Cl, 17-25; 
Te, 30-9. C,,H,,0,Cl,Te requires C, 40°7; H, 3-4; Cl, 17-2; Te, 
30-99%). The dichloride was insoluble in water, although slightly 
hydrolysed by this solvent; it was completely hydrolysed by 
aqueous sodium hydroxide, but dissolved only sparingly in excess 
of this alkali. It was not readily reduced, being resistant to the 
action of metabisulphite and only attacked with difficulty by zine 
dust. 

Bis-p-anisyl Telluride (IV).—Di-p-anisyltelluridichloride (10 g.) 
and 5 g. of zinc dust in 150 c.c. of benzene were heated for 24 hours 
under reflux. Some tar separated and the filtered solution was 
concentrated. The white crystals which separated still contained 
chlorine.and were subjected to the action of more zinc dust until all 
the halogen was eliminated. The halogen-free compound (yield 
37°) crystallised from dilute alcoho] in colourless, nacreous plates, 
m. p. 53—54° (Found: C, 49:0; H, 4:2; Te, 37-6. C,,H,,0,Te 
requires C, 49-2; H, 4-1; Te, 37:3%%). 

On mixing chloroform solutions of the telluride and bromine, 


di-p-anisyltelluridibromide separated in sulphur-yellow crystals, 
PP2 
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m. p. 190°; the bromo-derivative of Rohrbaech’s ditelluride wag 
described as orange-yellow. 

2-Methoxytolyl-5-telluritrichloride, CH,*O°C,H,(CH;)*TeCl,.—Four 
g. of tellurium tetrachloride (1 mol.) and 3-7 g. of o-tolyl methyl 
ether (2 mols.) in 30 c.c. of dry chloroform were heated together on 
the water-bath; hydrogen chloride was evolved and, after one hour, 
yellow needles separated (Found: Cl, 29-6. C,H,OCI,Te requires 
Cl, 300%). The product was only very sparingly soluble in ordinary 
organic media with the exception of acetone, but when separating 
from this solvent after the addition of light petroleum, the crystals 
obtained were progressively whiter and showed a diminution in the 
percentage of chlorine. 

These decomposition products were extracted with chloroform 
and the filtered solution was saturated with hydrogen chloride. A 
deposit of pale yellow needles was formed melting to a red liquid at 
232—233° (Found: Cl, 30-0%). 

The trichloride was insoluble in cold water, but hydrolysed, on 
warming, to a white hydroxide which dissolved readily in benzene 
or chloroform. With potassium metabisulphite, the trichloride 
was reduced to a highly coloured ditelluride. 

A large excess of o-tolyl methyl ether and tellurium tetrachloride 
with a little dry chloroform were gradually heated to 170°; the solid 
product was filtered from unchanged ether and extracted under 
reflux with chloroform, but no soluble dichloride was obtained. 

Bis-2-methoxy-m-tolyl Ditelluride, {CH,°O-C,H,(CH,)-Te},.—To 
5 g. of the preceding trichloride in 50 c.c. of ice-cold water were 
added slowly 9-5 g. of potassium metabisulphite (3 mols.); the 
reduction proceeded rather more slowly than in the case of the 
anisyl derivative, the colour changing from yellow to black. After 
stirring occasionally for an hour, the black residue was extracted 
with ether. The dark red solution deposited dark needles, which 
recrystallised from petroleum (b. p. 40—60°) in similar forms with 
a brownish-green bronzy lustre; m. p. 77—78° (Found: C, 38-6; 
H, 3-6; Te, 51-5; M, cryoscopic in benzene, 493. C,H,OTe requires 
C, 38-6; H, 3-6; Te, 513%. C,,H,,0,Te, requires M, 497). 

This ditelluride was very soluble in benzene, chloroform, acetone 
or ether, but only sparingly soluble in cold alcohol or petroleum 
(b. p. 40—60°), dissolving more readily on warming. From its 
alcoholic solution, water precipitated a bright red emulsion which 
solidified to a dark green, crystalline mass. Hydrogen peroxide 
instantly decolorised the alcoholic solution. Chlorine passed into 
the chloroform solution regenerated 2-methoxytolyl-5-telluritri- 
chloride; bromine under similar conditions combined additively to 
form the corresponding orange-yellow tribromide. 
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4-Methoxytolyl-3-telluritrichloride—p-Tolyl methyl ether and 
tellurium tetrachloride did not interact appreciably in chloroform 
solution, but at higher temperatures condensation took place. 
Equal parts of the tetrachloride and p-tolyl ether with a trace of 
chloroform were heated on the water-bath until hydrogen chloride 
was no longer evolved. The resulting yellow liquid slowly yielded 
greenish-yellow crystals, which underwent partial hydrolysis in such 
solvents as moist benzene, chloroform and acetone. Accordingly 
these products were redissolved in dry chloroform and the pale yellow 
solution was saturated with hydrogen chloride. On concentrating 
the liquid in a vacuum desiccator, well-defined, yellow, rectangular 
plates separated, m. p. 135° (Found: Cl, 29-6. C,H,OCI,Te requires 
Cl, 300%). The reduction of this and the following trichloride 
proceeded less readily than that of their foregoing isomeride. 

3-Methoxytolyl-(4 or 6)-telluritrichloride—Equal parts of tellurium 
tetrachloride and m-tolyl methyl ether with a little chloroform were 
heated on the water-bath until evolution of hydrogen chloride had 
ceased; the oily residue was then cooled until dark green crystals 
separated. When the crude material was dissolved in dry chloro- 
form and the solution saturated with hydrogen chloride, no preci- 
pitation occurred, but slow evaporation in a vacuum desiccator 
furnished a yellowish-brown crystalline mass, m. p. 154° (Found : 
Cl, 28-2. Cale., Cl, 30:0%). This trichloride is much more soluble 
than its isomeride in organic media, but exposure to moisture leads 
to considerable hydrolysis. 

Condensation between tellurium tetrachloride and each of the 
following : $-naphthyl methyl ether, monoethy] ethers of resorcinol 
and quinol, monomethyl ether of quinol, led to viscid, uncrystal- 
lisable products. No appreciable interaction was observed with 
p-nitroanisole, but a preliminary experiment with p-bromoanisole 
indicated a normal condensation to a trichloride, m. p. 184°; this 
was reducible by aqueous metabisulphite to a dark red oily ditel- 
luride, which was brominated in chloroform solution to an orange- 
yellow tribromide, m. p. 153°. 


Interaction of Tellurium Tetrachloride and the Homologues of 
Acetic Anhydride. 


Trichlorotelluripropionic Acid, Cl,Te*CH(CH,)°CO,H. Five g. 
of tellurium tetrachloride and 7 g. of ‘propionic anhydride (3 mols.) 
in 38 c.c. of chloroform were heated under reflux for 4 hours. 
Hydrogen chloride was evolved slowly, and 0-3 g. of tellurium 
eliminated. The filtered liquid was concentrated in a vacuum 
desiccator, and chloroform added; a brown solid then separated 
(yield 4 g.). The product was extremely soluble in all organic 
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media and could not be freed by recrystallisation from tarry im- 
purities. A halogen estimation on the crude material, obtained in 
white plates by allowing the viscous liquid from the foregoing con- 
densation to remain in a vacuum desiccator for 4 weeks, gave 
Cl, 34:7 (C,H;0,Cl,Te requires Cl, 34-6%). This substance melted 
at 145—150° and on exposure to the atmosphere the crystals became 
liquid. A condensation with a large excess (6 mols.) of propionic 
anhydride gave a smaller yield of the trichloro-compound. 

Ditellurodipropionic Acid, {Te*CH(CH,)*CO,H},.—Crude _ tri- 
chlorotelluripropionic acid was reduced with aqueous metabi- 
sulphite (2-5 mols.), and the yellow solution extracted with ether. 
The oily residue from the ethereal extract redissolved in chloroform 
to a solution which yielded a brick-red solid, m. p. 75°. The pale 
yellow silver salt was photosensitive and became brownish-black 
on exposure, the copper salt was a pale green precipitate decomposing 
at 175°, the soluble potassium salt separated from concentrated 
aqueous solution in brick-red plates blackening at 175°. 

Tribromotelluripropionic Acid, BrzTe*CH(CH;)-CO,H, resulted 
from the interaction of ditellurodipropionic acid and bromine in 
chloroform ; it separated as a yellow oil which solidified to a bright 
yellow solid, m. p. 139—141° (Found: Br, 53-8. C,H;O0,Br,Te 
requires Br, 54:4°%). This tribromo-derivative dissolved readily 
in ether or acetone or in warm benzene, chloroform or ethyl acetate, 
separating from these solutions, on addition of light petroleum, as 
an oil which slowly solidified. When kept in a sealed tube, the 
yellow tribromo-compound changed into a greenish-black decom- 
position product. 

Tellurium tetrachloride and n-butyric anhydride when boiled in 
chloroform solution slowly evolved hydrogen chloride, but the tarry 
product as extracted with acetone and other organic solvents re- 
mained oily. The acidic nature of this product was demonstrated 
by the formation of a yellow silver and green copper salt. Bromine 
in chloroform gave an oily additive product. Interaction between 
tellurium tetrachloride and isovaleric anhydride was attended by 
elimination of a considerable proportion of tellurium. From an 
experiment with monochloroacetic anhydride, the greater part of 
the tellurium tetrachloride was recovered. 
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CXLI.—The Behaviour of Mannose Diacetone on 
Methylation. 


By JAMES CoLQUHOUN IRVINE and ANDREW FoORRESTER SKINNER. 


In the course of a discussion on the application of the methylation 
process to the structural problems of carbohydrates, it was stated 
(Irvine and Oldham, J., 1925, 127, 2910) that the method is valid 
only if certain conditions are fulfilled. These need not be enu- 
merated again, but obviously the fundamental requirement is that 
during alkylation methyl groups are introduced into the vacant 
hydroxyl positions without disturbing any substituting groups 
already present. Equally important is the condition that, once 
methyl groups have entered the non-glucosidic positions of a sugar 
chain, they should remain unaffected during the standard processes 
employed to hydrolyse glucosides, disaccharides or polysaccharides. 
So far, no authentic case has been encountered which indicates that 
the above primary conditions are not fulfilled. One apparent 
exception was, however, recorded by Freudenberg and Hixon 
(Ber., 1923, 56, 2119), who converted mannose diacetone into a 
monomethy] derivative and subjected the product to mild hydrolysis 
in the hope that monomethyl mannose would be formed. Contrary 
to expectation, not only the unstable csopropylidene residues were 
removed, but the methyl group also was eliminated so that the final 
product consisted of mannose. The subject was reinvestigated by 
Levene and Meyer (J. Biol. Chem., 1924, 59, 145), who varied the 
procedure by applying the silver oxide method of alkylation to 
mannose diacetone, but the monomethy! derivative obtained, 
whilst differing in optical activity from Freudenberg’s product, 
displayed precisely the same instability towards acid hydrolysts. 
These observations, although capable of simple explanation, have 
elicited some criticism of the principles underlying the researches 
associated with this laboratory, and it is advisable to clear up the 
situation. It was assumed, prematurely, that, as mannose diacetone 
has no effect on Fehling’s solution, the reducing position of the parent 
sugar had been substituted by a ketonic residue. In such an event, 
one hydroxyl group should persist in the sugar chain and undergo 
methylation, giving, irrespective of the method employed, the same 
monomethyl derivative. This prodyct, in turn, when treated with 
aqueous acid should give areducing sugar, viz., monomethyl mannose. 
Two views have been put forward to account for the fact that the 
methyl group is removed on hydrolysis, the first being that the 
stability of methylated sugars is not a general feature of these 
eompound and is considerably less than our published papers 
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indicate. Alternatively, it has been suggested that, in the parti. 
cular case under consideration, the entry of a methyl group had 
dislodged a ketonic residue from its initial attachment to the reduc. 
ing position and, through subsequent rearrangement, had formed a 
derivative differing in type from the parent compound. 

Either of the above explanations, if supported by convincing 
experimental evidence, would be damaging to the fundamental 
ideas underlying much of our work, but the suggestions are both 
highly improbable and opposed to experience. To the worker 
familiar with the properties of methylated sugars and glucosides, 
the apparently irregular behaviour of monomethyl mannose diace- 
tone presents no difficulties whatsoever. The properties of the 
compound clearly show that it is y-methylmannoside diacetone, and 
this could be formed only if mannose diacetone contained a labile 
hydrogen atom in the 1-position. That such is the case is shown 
by the fact that the compound forms a sodium derivative convertible 
into a monomethyl ether showing [a]a, — 41° in acetylene tetra- 
chloride, whereas when methylation is effected directly by the 
silver oxide reaction the specific rotation of the product is widely 
different ({«]p + 23°). This is but an example of the general rule 
that when a reducing sugar is acted on by silver oxide and methyl 
iodide two stereoisomeric glucosides are produced, the #-variety 
being formed in excess. It follows that the monomethyl mannose 
diacetone obtained respectively by Freudenberg and by Levene 
differed merely in the relative proportions of two stereoisomeric 
substituted methylmannosides. From such compounds, again 
following a general rule, the alkyl group should be removed, as was 
the case, by hydrolysis. The only apparent irregularity is the 
extreme ease with which this group is lost, but even this feature is 
diagnostic and the explanation was already available. It has been 
known for a considerable time that y-glucosides undergo hydrolysis 
with a facility comparable with that displayed by sucrose, and more 
recently (Irvine and Burt, J., 1924,125, 1343) y-methylmannoside 
has been shown to posses the same instability. Any confusion 
which may have arisen through the behaviour of mannose diacetone 
on methylation is due to attaching more importance to a single 
test, viz., the action of Fehling’s solution, than to the numerous and 
more regular reactions of methylated sugars generally. Without 
additional experimental work it was possible to predict that mannose 
diacetone would (1) display mutarotation, (2) form the correspond- 
ing methylmannoside by the action of acid methyl alcohol, (3) 
undergo oxidation and reduction without removal of the acetone 
residues, and (4) condense with amino-bases. 

In the interests of our general research programme we decided to 
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explore the case, but meanwhile Freudenberg has extended his work 
and has shown that mannose diacetone exhibits mutarotation and 
enters into condensation with ammonia (Freudenberg and Wolf, 
Ber., 1925, 58, 300). More recently, Ohle and Berend (ibid., p. 2950) 
have succeeded in oxidising mannose diacetone to a substituted 
mannonic acid, in which the ketonic residues persist, thus adding 
to the evidence that in the parent compound the reducing group is 
free. As our additional results are conclusive, and incidentally, 
have a bearing on the constitution of mannose diacetone, they are 
now submitted. 

We have subjected mannose diacetone to the action of methyl 
alcohol containing 0-1° of hydrogen chloride, a methylating reagent 


Fig. 1. 
Condensation of mannose diacetone Mutarotation of mannose 
with aniline. diacetone anilide. 
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which is selective in the case of sugars, as it affects only the reducing 
position. Condensation proceeded readily and the optical changes 
involved, which are quoted in the experimental part, reveal that the 
substituted methylmannoside formed belongs to the y-series. As 
anticipated, methylation proceeded without removing the acetone 
residues and the product was completely hydrolysed with the same 
facility as a y-mannoside. Evidence was also obtained that mannose 
diacetone forms a phenylhydrazone, but as the product was a syrup 
and as, in the mannose series, aniline is a superior reagent to pheny]l- 
hydrazine, the anilide was studied in greater detail. Mannose 
diacetone reacts in the cold with an alcoholic solution of aniline 
to give a well-defined crystalline mannose diacetone anilide. The 


polarimetric curve illustrating the change shows that two simultan- 
Pr 
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eous reactions are involved and, following the general rule, the 
anilide displayed extensive mutarotation in alcoholic solution. 

It will be observed that whereas during anilide formation the 
activity increases in the dextro-sense the compound when isolated 
is levorotatory. In the preparation of mannoseanilide a similar 
anomaly is encountered. 

The mutarotation of mannose diacetone in various solvents has 
also been studied, the observations being made on material which 
had been repeatedly crystallised, or preferably, sublimed at 120°/0-2 
mm. A number of interesting features were encountered, parti- 
cularly in the case of aqueous solutions where the phenomenon is 
abnormal and is probably more correctly described as “‘ pseudo- 
mutarotation.”” Using dry acetone as the solvent, the mutarotation 
remained suspended and consequently the initial value ([«]p + 38-4°) 
may be taken as a standard for the compound. The reaction was, 
however, catalysed by the addition of a trace * of N/50-sodium 
hydroxide, the constant value + 16-9° being reached in 6 hours. 
A solution in acetylene tetrachloride showed practically the same 
range, but gave the initial specific rotation [«]p -++ 31-5°, which 
diminished regularly to 9-8°. Incidentally, the value quoted by 
Freudenberg for the same solvent (+ 14-3°) is intermediate between 
these extremes and corresponds to the readings obtained 40 minutes 
after the solution was prepared. The change, as shown by the 
diagram reproduced below, was complete in 100 minutes and this 
comparatively rapid mutarotation in an anhydrous solvent suggests 
that in addition to the interchange of the hydrogen and hydroxyl 
of the reducing position other factors may be operative. 

On the whole, the results quoted above are regular, but the use 
of absolute alcohol as the solvent gave a negative result, the initial 
value ([«]p + 15-9°) remaining constant and showing very little 
change on the addition of a trace of alkali. Reasons exist for the 
opinion that in this solvent the mutarotation is so rapid as to be 
undetectable and, in the circumstances, little success was anticipated 
in the case of aqueous solutions, particularly as only low concen- 
trations are then possible. The result was, however, positive and 
the specific rotation diminished from + 11-9°, became levo, and 
finally attained equilibrium when a small dextrorotation was just 
detectable. This consecutive fall and rise in activity shows that the 
mutarotation involves at least two reactions. If water plays a 


* Judging from published accounts, it would appear that experiments on 
mutarotation are frequently vitiated by the excessive use of alkali. In the 
sugar group particularly, this practice is regrettable, as prolonged changes 
in activity may thus be promoted which have no relationship to mutarotation 
in the accepted sense of the expression. 


Rmnorifice rotation. 
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specific as well as a catalytic part in the changes, any compound 
thus produced must be unstable, as the original mannose diacetone 
was isolated from the solution by extraction with chloroform after 
mutarotation was complete. Additional information bearing on 
this point was obtained from the examination of a solution in 50% 
alcohol which had attained the permanent specific rotation of 
+ 85°. On increasing the aqueous concentration to 75%, the 
activity was much reduced and ultimately vanished. 


Fic. 2. 
Mutarotation of mannose diacetone. 


Solvent, acetylene tetrachloride. Solvent, water. 


+14° 
J | 


St+is} 


Specific rotation 
- 
Specific rotation. 


+8° 
0 40 80 120 0 60 120 180 


Time in minutes. Time in minutes. 


A. Sublimed material. B. Crystallised material. 


The combined results, when plotted on curves, suggest that the 
constitution of mannose diacetone is more complex than is generally 
supposed. As already stated, our opinion is that the compound is 
derived from y-mannose, and this is supported by other results, 
obtained in this laboratory but still unpublished, which prove 
definitely that glucose diacetone is a derivative of y-glucose. There 
remains, however, the problem as to why y-glucose condenses with 
acetone to give a compound in which the reducing group is substi- 
tuted while the same group, usually the most reactive in the mole- 
cule, remains free in the case of y-mannose. For the time being, the 
formula for mannose diacetone which finds most favour represents 
the compound as : 


= ie | 
ae ‘elena? "WP ‘aie 


wr aA 
C(CH3),  C(CHs), 
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Considering recent views as to the structure of the stable and 
unstable varieties of mannose, it is possible that the above constitu. 
tion is approximately correct, and it is our intention to investigate 
the subject further. Meanwhile it may be said that Ohle’s criticism 
of Haworth’s conclusions as to the ring structure of mannose is not 
justified, as evidently the acetone derivatives of the sugar have no 
relationship with the amylene-oxidic variety of the hexose. 


EXPERIMENTAL. 


The mannose diacetone was prepared by the standard method 
and purified by recrystallisation from light petroleum (b. p. 40—70°) 
diluted with 20% of dry ether. After the second crystallisation 
the m. p. was 122°, and this remained unaltered on further crystallis- 
ation or on subliming the compound in a vacuum. A Zeisel estima- 
tion, carried out as a check on the purity of the reagents used in the 
preparation, gave a negative result and the absence of any action 
upon Fehling’s solution was also confirmed. 


Rotation and Mutarotation of Mannose Diacetone. 


Solvent, acetone. As the compound displays suspended muta- 
rotation in acetone, this solvent was employed in determining the 
standard specific rotation. 

I. The mannose diacetone was recrystallised three times and 
thereafter sublimed by heating for 5 hours at 120°/0-2 mm. c = 
1-016; [a] = + 38-4°. This value remained unchanged for 80 
minutes. 

II. In this experiment the sublimation process was omitted. 
c = 1-559. 


Time from start. [a]. Time from start. [a}i*. 
8 minutes + 27-9° 4} hours +27-1° 

25 a 27°9 8 * 27-2 

75 - 27-5 24 mm 26°9 
150 s&s 27-1 30s, 26-8 


On adding a trace of sodium hydroxide the specific rotation dimin- 
ished steadily to the constant value + 16-9°, which was reached in 
6 hours. The material recovered from this experiment melted at 
123°. 

Solvent, acetylene tetrachloride. This solvent was selected as it 
was employed by Freudenberg when he obtained the value 
[«]sig yetlow = + 14:3°. We find that when the mannose diacetone 
was recrystallised three times and dried at 80°/15 mm. before use, 
the maximum initial specific rotation observed was [«]if; setiow = 


and 
titu. 
gate 
ism 
not 
> no 
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+ 26-2°. and regular mutarotation ensued. Typical figures are 
given. c = 1-980. 


Time from start. [a]. Time from start. [a}e. 
5 minutes + 22-6° 60 minutes +11-6° 

15 A 18-6 75 - 10-0 
20 = 17:1 90 a 9-6 
40 aa 14-1 100 a 9-1 
50 + 12-6 24 hours 9-1 


The above values were verified on four occasions and the figure 
quoted by Freudenberg corresponds with observations made 40 
minutes after the first contact of solvent and solute. 

A more striking result was obtained with mannose diacetone 
which had been sublimed by heating for 5 hours at 120°/0-2 mm. 
c = 0-509. 


Time from start (mins.) . 10 15 25 

DIE sneseiicachinescomecneinienge +31-5° 427-5° 4+21-6° 

Time from start (mins.) . 35 45 55 

[ap cdicummncacabopesanesacwane + 15-7° +1]-8° +9-8° (constant) 


Solvent, absolute alcohol. Recrystallised material was used. 
c = 2-574. The initial specific rotation was + 15-9° and this re- 
mained unaffected for 150 minutes. After adding a trace of sodium 
hydroxide the optical value diminished very slowly. 


Time (mins.) ......... 5 30 150 300 48 (hours) 
[a}}*° iusseessuaeessniee se +15-S° +15-7° +14:5° +14-0° +13-6° (constant) 


The dissolved material was recovered and, after recrystallisation, 
proved to be unaltered mannose diacetone. 

Solvent, water. Recrystallised material was used and, owing to 
the limited solubility, only dilute solutions were available. Muta- 
rotation was exceedingly rapid and consequently the initial values 
varied considerably, but the most striking feature of the optical 
changes was the inversion of sign and the subsequent return to a 
small dextrorotation. This is illustrated in the following typical 
case. c = 0:4455. 


Time from start. [a}!*. Time from start. [a}'*. 
5 minutes +11-9° 1 hour — 5-6° 

am * % 5:6 2 hours —0-6 
25 - 3-6 33. CO Inactive 

a 2-8 45 ,, +1-1° 


The end value remained constant for 8 hours after the addition of a 
trace of alkali. 

Although the development of a levorotation was not observed on 
every occasion, the initial dextro-value always diminished and 
thereafter increased. By extraction with chloroform, the dis- 
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solved material was recovered and, after recrystallisation, wag 
proved to be unchanged mannose diacetone. 

Solvent, 50% aqueous alcohol. Freudenberg has already recorded 
that mannose diacetone preserves a constant specific rotation in this 
solvent for the first 24 hours and that thereafter the value falls to 
+ 9-2°. For ¢ = 1-2525 and 7’ = 13° we found that in 3 days the 
end-point was [«]p + 8-5° and that very little further alteration 
took place when a trace of dilute alkali was added. On halving the 
concentration by the addition of water, the liquid showed [«]) +- 0-5° 
and became inactive in the course of 2 hours. 

Condensation of Mannose Diacetone with Phenylhydrazine.—A 
3-5% solution of mannose diacetone was prepared in absolute 
alcohol containing recrystallised redistilled phenylhydrazine (1 mol. 
plus 10% excess). The solution was preserved at 12° in the dark, 
polarimetric readings being taken at intervals. 


Time from start. [a]}*". Time from start. [aj 
0 minute + 18-0° 10 days +8-4° 
2 days 13-3 14. «a, . 98 
4 ad 8-7 19 ” 12-7 
6 ” 4-2 28 ” 15-5 
7 7-0 


The results are typical of the condensation of a reducing sugar with 
the base, and indicate the superposition of an initial rapid reaction 
on a subsequent slower change. On isolation in the usual manner, 
the phenylhydrazone proved to be a syrup, which was not further 
examined. 

Condensation of Mannose Diacetone with Aniline.—A 3-6% solu- 
tion of mannose diacetone in absolute alcohol containing five times 
the theoretical amount of pure aniline was preserved in the dark at 
the temperature of the room. Polarimetric readings showed that 
two consecutive reactions then ensued. 


Time from start. [a],- Time from start. [a]p- 
0 minute + 16-5° 10 days + 50-5° 
1 day 16-6 i 56-4 
3 days 27-6 14. ,, 58-6 
os 37-9 ay ow 63-1 


At this stage the crystalline product began to separate and the liquid 
after filtration was concentrated to a small bulk at 15°/15 mm. 
Clusters of needles were thus obtained in excellent yield and, after 
purification from light petroleum, the product melted at 114° 
(Found: C, 64-7; H, 7-6; N, 4:2. Cale. for mannose diacetone 
anilide,C,64-5; H, 7-5; N,4-2°%). Mannose diacetone anilide is levo- 
rotatory, but, in common with sugar anilides generally, displayed 
extensive mutarotation in absolute alcohol. 


THE 


Vas 


THE BEHAVIOUR OF MANNOSE DIACETONE ON METHYLATION. 1097 


Time from start. Time from start. [a]. 
5 minutes — 118-3° 50 hours Inactive 
15 pe 118-3 4 days +39-8° 
50 m4 106-9 as 50-2 
180 ne 88-7 a 72-8 
5 hours 69-4 S “as 79-6 
 _— 22-7 is s&s 83-0 
20 ts 12-5 (constant) 


The results when plotted on a curve showed a marked resemblance 
to those given by mannose anilide, although the whole of the 
rotations are shifted markedly in the dextro-direction. The anilide 
was recovered unchanged from the above solution. 

Condensation of Methyl Alcohol with Mannose Diacetone.—A 3°, 
solution of mannose diacetone in dry methyl alcohol containing 
01% of hydrogen chloride was maintained at 17°, polarimetric 
readings being taken at intervals. 


Time from start. fa}! Time from start. [a}!”*. 
0 minute + 13-6° 8 hours +18-9° 
2 hours 16-0 = » 21-1 
Se “ 17-1 48 ,, 21-7 
a 17-9 -) en 21-7 


The acid was removed with silver carbonate, and the filtrate taken 
to dryness in a high vacuum, the residue then remaining being 
extracted repeatedly with dry ethy! acetate in the cold. On removal 
of the solvent under diminished pressure a syrup was obtained which, 
as it reduced Fehling’s solution slightly, was taken up in cold ether 
and filtered from a small quantity of reducing material. The ether 
was then evaporated and the syrup isolated by redistillation, a 
fraction, b. p. 115—125°/0-3—0-7 mm., being collected. The 
distillate consisted of a mixture of methylmannoside diacetone 
(64%) and unchanged mannose diacetone (36°). The conditions 
of the condensation with acid methyl alcohol were varied, and it was 
ascertained that when the reaction was continued until all the 
mannose diacetone had disappeared, the bulk of the product then 
consisted of y-methylmannoside. This was isolated by solution 
in cold ethyl acetate, the syrup thus extracted being afterwards 
treated with ether to remove extraneous products. The mannoside 
was obtained as a colourless syrup which slowly crystallised owing 
to its spontaneous conversion into the «-form. 


Acknowledgment is made to the Department of Scientific and 
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CXLII.—Zthyl Hydrogen Sulphate. Part I. 


By M. Asput Hamip, Krirpat Sineu, and Horace Barratt 
DUNNICLIFF. 


SEVERAL subjects not investigated by Dunnicliff and Butler (J., 
1921, 119, 1384) have been studied. 

Preparation of Ethyl Hydrogen Sulphate-—Attempts to prepare 
the pure ester have been made by the following methods : 

1. By the action of hydrogen sulphide on lead ethyl sulphate 
(a) dry, (6) in alcoholic solution, and (c) suspended in ether. No 
action took place in the absence of water. 

2. Passing ethylene into (a) sulphuric acid, (b) an ethereal solu- 
tion of sulphuric acid, and (c) alcoholic sulphuric acid. Only very 
impure products were obtained. 

3. Extraction of such sulphates as Ag,SO,,H,SO,, BaSO,,H,SO,, 
and Li,SO,,H,SO, gave a mixture of sulphuric acid and ethyl 
hydrogen sulphate in ether. 

4. Barium ethyl sulphate, Ba(C,H,;°SO,).,2H,O, was prepared in 
the ordinary way. On treatment with dry alcohol, the anhydrous 
salt, Ba(C,H;"SO,)., was formed. In order to start with an alcoholic 
sulphuric acid in which the free sulphuric acid was a minimum, 
20° alcoholic sulphuric acid was taken after standing for a month. 
The percentage esterification of the sulphuric acid was 85. The 
free sulphuric acid was estimated. Barium ethyl sulphate in excess 
of the calculated amount required to react with the free sulphuric 
acid present was added to a weighed quantity of the alcoholic 
sulphuric acid and well shaken. The mixture was filtered and the 
filtrate heated with excess of barium ethyl sulphate under reduced 
pressure on a water-bath. When no more distillate was obtained, 
the residue in the flask was (a) filtered off or (b) extracted with 
dry ether in an apparatus of the Soxhlet type specially arranged 
for the extraction of liquids. It was hoped that the filtrate from 
(a) and the residue after driving off the ether from (b) would be 
free from sulphuric acid and probably from water and alcohol. 

Among a large number of determinations of the equivalent 
weight of the ester so prepared, nine samples gave values which 
were within experimental error of the theoretical value, 126. The 
others were either high or low. The ester darkened on standing 
and the equivalent weight fell owing to the formation of free 
sulphuric acid. After some months, some preparations became 
black and free carbon was among the products of decomposition. 

Attempts were made to determine the composition of several of 
the samples by combining the results of analyses by combustion, 


a a | 
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estimation of sulphate by the barium sulphate method, and deter- 
mination of esterification by the volumetric method. The greatest 
degree of purity obtained showed a yield of 84:5% of ester. A 
typical analysis was: Equivalent weight, 126. C,H;-HSO,, 64-9; 
H;sO,, 13-7; C,H,-OH, 10-0; H,O, 11-8; total, 100-4%. 

5. By the action of dry hydrogen chloride on anhydrous barium 
ethyl sulphate (a) dry, (6) in anhydrous alcoholic solution, and 
(c) in ethereal solution. In the dry state no appreciable action 
was observed. In alcoholic and ethereal solution the hydrogen 
chloride reacted with the salt, giving insoluble barium chloride 
and ethyl hydrogen sulphate in solution. At first sulphuric acid 
was absent but, on concentration either by evaporation on the 
water-bath or at the ordinary temperature in a desiccator, the 
ester decomposed. The solution, at first colourless, slowly turned 
yellow with increasing concentration and, long before the solvent 
was driven off, a strong test for sulphuric acid was obtained. 
This decomposition was not due to the presence of hydrochloric 
acid, because the same result was obtained in the presence of 
excess of barium ethyl sulphate. The potassium salt behaves in a 
similar manner. 

All attempts to prepare pure ethyl hydrogen sulphate have failed. 
The ester appears to become more unstable with increasing 
concentration. 

Solubility of Ethyl Hydrogen Sulphate in Ether—Most books of 
reference state that ethyl hydrogen sulphate is insoluble in ether. 
Since pure ethyl hydrogen sulphate has not been prepared, it is 
difficult to say if this is so, as all ethereal solutions of the ester in 
ether contain some sulphuric acid. Determinations of the solu- 
bility of the ester at 30° in presence of a small percentage of sulphuric 
acid show that the concentration of the ethyl hydrogen sulphate 
diminishes as the concentration of free sulphuric acid rises. Extra- 
polation of the results indicates that the solubility of pure ethyl 
hydrogen sulphate in pure ether should be about 1-27 g. of ester 
per 100 g. of dry ether at 30°. 


TABLE I. 
Solubility. of Ethyl Hydrogen Sulphate in Ether containing free 
Sulphuric Acid at 30°. 
Free H,SO, % 0-092 0-152 0-186 + 0-314 0-372 0-516 0-533 
C,H;-HSO, % ~=1-125 1-061 0-999 0-818 0-722 0-509 0-470 
These points lie practically on a straight line, but as the con- 


centration of the sulphuric acid increases, the relationship is not 
so simple, e.g., when the concentration of sulphuric acid is 4-06%, 
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the concentration of the ester is 0-242%. If the solution were kept 
for some time, the concentration of the ester would increase on 
account of the interaction between ether and sulphuric acid. At 
the very low concentrations given in the table, the rate of esterific- 
ation would be very slow and the total esterification very small, 
As the solutions were estimated immediately after they were formed, 
the line obtained by plotting the above points may be correctly 
described as a solubility graph. The fact that ethyl hydrogen 
sulphate is soluble in ether may be demonstrated by extracting 
silver hydrogen sulphate in a Soxhlet apparatus. The liquid 
which syphons over eventually separates into two layers, a lower one 
rich in ethyl hydrogen sulphate and an upper one poor in the ester. 
If the upper one be separated and allowed to evaporate, the ether 
first becomes cloudy and then a heavy layer of impure ethyl 
hydrogen sulphate separates. 

The Order of the Reaction between Ethyl Alcohol and Sulphuric 
Acid at High Concentrations of Acid.—In the previous work, the 
velocity of the reaction at concentrations of sulphuric acid above 
13-18% was not studied. The order of the reaction at concentra- 
tions of sulphuric acid between 60 and 75% has now been investi- 
gated. The practical difficulties encou.tered in this work were 
very considerable. At 18°, the reaction is very violent, so the 
experiments were carried out at 0°. In order to mix the interacting 
substances, alcohol which had been cooled to — 5° was added 
slowly to super-cooled sulphuric acid. At the highest concentration, 
the acid was cooled to — 10° and great care had to be exercised to 
prevent it from crystallising out. After the alcohol had been 
added there was no fear of this. The ingredients were thoroughly 
mixed, the flask being always immersed in the freezing mixture. 
When all the alcohol had beer added, the reaction vessel was 
transferred to a bowl containing clean crushed ice. As soon as the 
temperature of the reaction mixture rose to 0°, the first portion of 
the reaction mixture was withdrawn in an ice-cold 1 c.c. pipette 
and run into a known quantity of standard caustic soda more than 
sufficient to neutralise it, and its weight was determined. The 
proportions in which the sulphuric acid and alcohol had been mixed 
in the reaction mixture were estimated after the experiment. The 
esterification was measured and the value of z, the time to be added 
to the observed time to compensate for the disturbed period, was 
calculated as previously described (loc. cit., p. 1390). 

The object was to obtain : 

1. A minimal esterification during the disturbed period. 

2. As large a difference as possible between the actual time of 
observation, ¢, and the correction, z, to be added. 
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3. A final total esterification several multiples of the esterification 
during the disturbed period. 

The results in Tables II to IV show conclusively that, as in the 
case of low concentrations of sulphuric acid, the reaction is of the 
first order even when 1-44 molecules of sulphuric acid are mixed 
with one of alcohol, forming an alcoholic sulphuric acid containing 
74-45%, of sulphuric acid. 

«= quantity of ethyl hydrogen sulphate expressed as g.-mol. 
per 100 g. of mixture, and ¢ = the actual time. 


k = {1/(t + z)} log {a/(a — x)}. 


TaBLe II. 
Sulphuric acid = 60-00% = 0-612 g.-mol. = a. 
Ethyl alcohol = 40-00% = 0-869 g.-mol. z= 2-4hrs. 

x. t(hrs.). t+2. kx 103. x t(hrs.). t+2z. kx 10% 
0-054 — 2-40 16-7 0-112 2-90 5-30 17-2 
0-087 1-35 3°75 17-2 0-122 3:78 6-18 15-6 
0-099 2-20 4-60 16:7 0-134 4-45 6-85 15-7 


Mean 16:5 


TABLE III. 


Sulphuric acid = 68-14% = 0-695 g.-mol. = a. 
Ethyl alcohol = 31-86% = 0-693 g.-mol. z = 87-6 mins. 


2. t(mins.). ¢+2. k x 10°. ro t(mins.). t+2. kx 108. 
0-136 — 87-6 1-08 0-292 137-5 225-1 1-05 
0-201 45-8 133-4 1-11 0-330 193-2 280-8 1-00 
0-267 105-5 193-1 1-09 0-349 210-0 297-6 1-02 


Mean 1-06 


TABLE IV. 


Sulphuric acid = 75-45% = 0-770 g.-mol. = a. 
Ethyl aleohol = 24-55°% = 0-534 g.-mol. z = 85 mins. 
a. ¢(mins.). ¢+2. kx 10°. x. ¢(mins.). ¢+2. kx 10%. 
0-187 — 85-0 1-42 0-313 77-5 162-5 1-45 
116-0 1-43 0-332 103-5 188-5 1-30 


0-245 31-0 

0-284 520 1370 1-46 Mean 1-41 

The mass-action coefficient obtained after 1 molecule of sulphuric 
acid had been allowed to interact with 1-05 molecules of alcohol 
at laboratory temperature for 25 days was 0-5650, and the ethyl 
hydrogen sulphate formed corresponded with 0-5787 g.-mol. These 
values are in agreement with (a) the “ calculated ” esterification 
(loc. cit., p. 1387), which was 0-5595 g.-mol., (b) the variation in the 
value of the mass-action coefficiertt as explained in equation (3) 
(loc. cit.) and the general proposition that the ratio 


actual esterification obtained — a 
mined : ——.-— = 0-5787 (observed) 
maximum possible esterification 


is a minimum when equimolecular proportions of the reacting 
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compounds are employed. Clesson (J. pr. Chem., 1879, 19, 246) 
obtained the value 0-5710. 

In some preliminary experiments it appeared that the final 
maximum esterification in an alcoholic sulphuric acid made by 
treating sodium hydrogen sulphate with dry alcohol was less than 
that found in an alcoholic sulphuric acid of the same strength 
made by mixing the constituents directly and that this was due to 
the presence of some sulphate of sodium in the first case. This 


has now been shown to be erroneous as instanced by the examples 
given below : 


H,SO, % in the alcoholic Theoretical % of 
sulphuric acid containing C,H,°HSO, for 
sodium sulphate. C.H,-HSO,% found. _ alcoholic H,SO,. 
9-46 10-16 10-08 
12-86 13-87 14-06 
43-50 44-16 44-36 
Summary. 


All attempts to prepare pure ethyl hydrogen sulphate have 
been unsuccessful. 

From determinations at 0° of the velocity coefficients of the 
reaction between sulphuric acid and alcohol in which the concen- 
tration of sulphuric acid is from 60 to 75%, it is shown that the 
reaction is of the first order. 

The solubility of ethyl hydrogen sulphate in ether containing 
small quantities of sulphuric acid has been determined at 30°. 

GOVERNMENT COLLEGE, PANJAB UNIVERSITY, 

LaHoRE, INDIA. [Received, November 30th, 1925.] 


CXLITI.—The Reactivity of Alkyl Iodides with Sodium 
Benzyl Oxide. A Criticism. 


By LronarD JAMES GOLDSWORTHY. 


THE reactivity of alkyl iodides with sodium benzyl oxide and the 
effect of temperature on such reactions were studied by Haywood 
(J., 1922, 121, 1904), whose reaction mixture consisted of equal 
volumes of N /5-alcoholic solutions of sodium benzyl oxide and alkyl 
iodide. As the molecular ratio of ethyl alcohol to sodium benzyl 
oxide in such a mixture is about 170, it is extremely improbable that 
Haywood’s velocity coefficients can be a measure of the rate of the 
reaction C,H,;*CH,-ONa + RI = NaI + C,H,°CH,°OR. It is more 
likely that in such a mixture the concentration of sodium ethoxide 
is much greater than the concentration of sodium benzyl oxide, 
and that the velocity measured by Haywood was really that 
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of the reaction C,H,-ONa + RI = Nal + C,H,-OR. Although he 
remarked that alcoholysis “‘ to a certain extent ”’ is to be expected, 
Haywood apparently did not realise the probability that under the 
conditions of his experiments alcoholysis would be almost complete. 

In order to put the matter to the test, the author mixed equal 
volumes of N/5-ethyl-alcoholic solutions of sodium ethoxide and 
ethyl iodide and compared the rate of the reaction in this mixture 
at 35° with the rate of the reaction in a mixture of equal volumes of 
N/5-ethyl-alcoholic solutions of sodium benzyl oxide and ethyl 
iodide. The velocity coefficients in the two experiments were 
practically identical. As there was a possibility that this result 
might have been due to coincidence, the reactivities of sodium benzyl 
oxide and sodium ethoxide being the same in ethyl-alcoholic solution, 
two further experiments were performed, in which n-butyl alcohol 
was used as solvent in the place of ethyl alcohol. Here again the 
velocity of the reaction in a mixture of equal volumes of NV /5-butyl- 
alcoholic solutions of sodium butyl oxide and ethyl iodide was 
practically the same as the velocity in a mixture of equal volumes of 
N/5-butyl-alcoholic solutions of sodium benzyl oxide and ethyl 
iodide. 

A final experiment was performed as a crucial test, the object of 
which was to isolate and examine the products of the reaction. A 
solution prepared by mixing equal volumes of 2N-ethyl-alcoholic 
solutions of sodium benzyl oxide and ethyl iodide was fractionally 
distilled after sufficient time had elapsed for the completion of the 
reaction (at 35°). If in this experiment no ethyl benzyl ether had 
been formed, the sole reaction being that between sodium ethoxide 
and ethyl iodide, 14-8 g. of ethyl ether should have been formed. 
Actually 11 g. of liquid boiling below 45° were collected and from 
this 6 g. of pure ethyl ether were obtained by further fractionation. 
Thus it is clear that even in a normal ethyl-alcoholic solution of 
sodium benzyl oxide and ethyl iodide the main reaction is that 
represented by the equation 

C,H,;-ONa + C,H;I = C,H,;0-C,H,; + Nal. 
In Haywood’s experiments, in which the concentrations were tenth- 
normal, the amount of ethyl benzyl ether formed must have been 
negligibly small. 
EXPERIMENTAL. 


The ethyl alcohol used in these experiments was commercial 
absolute alcohol, dried by digesting with lime and calcium. The 
ethyl iodide (Kahlbaum’s) was purified just before use by washing 
with dilute alkali and water, drying over calcium chloride, and 
distilling from silver powder. 
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The benzyl alcohol (Kahlbaum’s) was redistilled before use. The 
n-butyl alcohol was purified by distillation, after treatment with 
lime. : 

All the instruments used were standardised with reference to 
standard instruments. 

During the velocity determinations the temperature, kept 
constant by means of a thermostat provided with an Ostwald 
toluene regulator and stirrer, did not vary more than 0-05°. In the 
preparation of the N/5-ethyl-alcoholic solution of sodium benzyl 
oxide, a weighed quantity of benzyl alcohol was mixed with a 
measured volume of a standard alcoholic solution of sodium ethoxide, 
containing an equivalent quantity of the ethoxide. The mixture 
was then diluted to the calculated volume with alcohol. The 
solution of sodium benzyl oxide in butyl alcohol was similarly 
prepared. The rates of reaction were measured in the manner 
described by Haywood. 

Results.—The velocity coefficients are calculated from the formula 

1 x ] 
Ss : 


peer Coa’ in which x, y, t, a and Cy have the same signi- 
ficance as in Haywood’s paper. 

N /40-Hydrochloric acid was used in the titrations. 

lst Expt. Equal volumes of N/5- 
sodium benzyl oxide (in ethyl 
alcohol) and N/5-ethyl iodide (in 


2nd Expt. Equal volumes of N/5- 
sodium ethoxide (in ethyl alcohol) 
and WN/5-ethyl iodide (in ethyl 


ethyl alcohol). alcohol). 
Temp. 35°. Zero = 35-40 c.c. Temp. 35°. Zero = 35-40 c.c. 
y = 38°45 c.c. y = 40-00 c.c. 

t. a— x. #: kx 104. tit a-2@. 2. kx 104. 
120 =. 27-33 8-07 267 45 32-00 3-40 267 
234 23-06 12-34 248 101 = 28-75 6-65 259 
326 =. 20-02 15-38 256 248 22-50 12-90 261 
441 17-50 17-90 252 319 = =20-45 14-95 259 

Mean 256 Mean 262 

3rd Expt. Equal volumes of N//5- 4th Expt. Equal volumes of N/5- 

sodium benzyl oxide (in n-butyl sodium n-butoxide (in n-butyl 


alcohol) and N/5-ethyl iodide (in 
n-butyl alcohol). 


alcohol) and N/5-ethyl iodide (in 
n-butyl alcohol). 


Temp. 35°. Zero = 36-82 c.c. Temp. 35°. Zero = 36-9 c.c. 
y = 39-84 c.c. y = 40-00 c.c. 

t. a— a. x. kx 30+. t: a-—a. %. k x 104. 
62 33°40 3°42 178 * 90 32-32 4-58 169 
187 28-80 8-02 160 150 29-95 6-95 166 
352 24-60 12-22 152 273 26-35 10°55 158 
Mean 156 419 23-10 13-80 153 
Mean 159 


* Omitted in calculating the mean. 


UNIVERSITY COLLEGE, 
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CXLIV.—The Rate of Reaction between Formic Acid 
and Iodine in Aqueous Solution. 


By DauzieL LLEWELLYN Hammick and MICHAEL ZVEGINTZOV. 


It has been shown (Hammick, Hutchison, and Snell, J., 1925, 127, 
2715) that the rate of reaction between bromine and formic acid is 
represented by the mass-action equation 
dx/dt = k{H-COO’][X}/{1 + [X’]/K,}. . . . © (I) 

in which [X] is the total concentration of free halogen X, + X’s, 
[X’] the concentration of halogen ion, and K, is the equilibrium 
constant K, = [X,][X’]/[X’,]. For bromine, 1/K, is of the order 
of 10 and [Br’]/K, could not be neglected in comparison with unity. 
In chlorine and iodine, however, we have two extreme cases. For 
chlorine, K, is large and [Cl’]/K, can be neglected; for iodine, K, 
is small and has the value 1-75 x 10-3 at 45° (Fedotiev, Z. physikal. 
Chem., 1909, 69, 22) and 1-365 x 10-3 at 25° (Jakowkin, ibid., 
1896, 20, 19). Hence in the case of iodine we may neglect unity in 
comparison with [I’]/K, and we should expect to find that, whereas 
the rate of reaction between chlorine and formic acid would be 
practically independent of chlorine-ion concentration, that between 
iodine and formic acid would be inversely proportional to the 
concentration of iodine ion. That is to say, 


dxldt = k{H-COO’JI/{{l'/Kyy. . . . (Ma) 


should represent the course of the reaction in the latter case. Iodine 
reacts at 60° at a convenient rate and results have been obtained at 
that temperature that confirm the conclusion arrived at above. 

Iodine and formic acid, in the presence of potassium iodide, were 
mixed in a glass stoppered flask in a thermostat maintained at 
61-5° + 0-25°, the iodine being estimated from time to time with 
standard thiosulphate. In all experiments, the potassium iodide 
was present in excess (never less than 10 to 1) sufficient to eliminate 
perturbations due to the iodine ion produced during the reaction. A 
zero time-correction was obtained by plotting log a/(a — x) against 
time and extrapolating to zero time. The unimolecular velocity 
coefficients given below have been corrected in this way. 

By analogy with the reaction between bromine and formic acid, 
it is to be expected that iodine would react as follows : 


H-CO,H + I, = 2HI + CO,,. 


An experiment was therefore carried out by mixing equal volumes 
of equivalent solutions of formic acid and iodine in presence of 
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excess of potassium iodide and measuring the rate of disappearance 
of the iodine. The results show that the reaction is bimolecular, as 
the above equation suggests. 


TABLE I. 
[H-CO,H] = N/100. [I,] = N/100. a@ —- x = thiosulphate titre at time ¢. 
k x 10° (bimol. 


t (mins). a— x. 1/(a — x) — Ifa. coeff.). 
0-0 10-9 oe —~ 
4-53 10-65 0-00215 4-45 

10-08 10-4 0-00441 4-37 
19-42 9-95 0:00826 4:5] 
25-6 9-7 0-01146 4-48 


Influence of Formic Acid Concentration on the Rate of Disappearance 
of Iodine.—In Table II are the results of a series of determinations 
of the unimolecular velocity coefficient for two different concentra- 
tions of formic acid. 


TABLE II. 
[H-CO,H}. [KT]. [I,]. k x 103. 
N/3 0-117N 0-011N 9-15 —" 
2N /3 0-117 0-011 12-2 \ — 
N/3 0-234 0-011 4-65 1-37 
2N/3 0-234 0-011 6-35 \ ” . 
N/3 0-17 0-016 5-85 | 1-45 


Since formic acid obeys the dilution law, we have approximately 
a2/V = Ky, where « is the degree of dissociation, V is the dilution, 
and K, is the dissociation constant ; hence, for any two dilutions V, 
and V,, we have «,/% = VV,/V,. Thus [H-COO’],/[H-COO’], = 
(x,/V)/(«s/V2) =WV./V,. For the pairs of velocity coefficients 
given in Table II, V,/V, = 1/2 and hence [H-COO’],/[H-COO’}, = 
V2 —=1-41. If the rate of reaction is proportional to [H-COO’] we 
should expect to find that doubling the concentration of formic acid 
would increase the velocity coefficient in the ratio of 1 to 1-41. 
The mean of the ratios in Table IT is 1-39. 

Influence of Hydrogen-ion Concentration.—Unimolecular velocity 
coefficients were determined in the presence of varying quantities 
of hydrochloric acid. The results of a series of determinations are 
summarised in Table III. 


TABLE III. 


(HCl. a. [H]. k x 10%. k x [H] x 10°. 
0-066N 0-844 0-06N 35 0-210 
0-132 0-812 0-11 1-9 0-209 
0-198 0-786 0-16 1-19 0-191 


Under « are the activity coefficients of hydrochloric acid (Ellis, 
J. Amer. Chem. Soc., 1916, 38, 535; Noyes, ibid., 1917, 39, 2532). 
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These figures refer to acid at room temperature; in using them at 
60°, we are, of course, assuming that the ratios of activity coefficients 
corresponding to different concentrations are independent of 
temperature. Under [H] are effective concentrations of hydrogen 
jon, calculated from the Law of Mixed Acids (Lewis, ‘‘ System of 
Physical Chemistry,” 192], Vol. 1, p. 255) by the formula [H] = 
K,/#{ HCl]; the dissociation constant for formic acid, Kg, is taken as 
21 x 10-4 (Ostwald, Z. physikal. Chem., 1889, 3, 239); this value 
refers to 18° and hence values of [H] can only be regarded as relative. 
Nevertheless, the constancy of the product k x [H] shows that the 
velocity of the reaction is inversely proportional to the effective 
concentration of the hydrogen ion and therefore directly proportional 
to the concentration of formy] ion. 

Influence of Iodine-ion Concentration.—The concentration of iodine 
ion was varied between 0-117N and 0-350N by the addition of 
potassium iodide and was always in excess sufficient to mask the 
effect of the iodine ion produced in the course of the reaction. The 
results are in Table IV. 


TABLE IV. 
[H-CO,H] = N/3. 
[I,]. [KT]. k x 102. a. k x a x [KI] x 10. 
0-012N 0-117N 0-915 0-735 0-786 
0-11 0-234 0-465 0-689 0-750 
0-11 0-351 0-328 0-663 0-762 
0-16 0-170 0-585 0-710 0-733 
0-0275 0-292 0-372 0-655 0-733 
0-0335 0-351 0-330 0-663 0-768 


The values for the activity coefficient, «, are from McInnes and 
Parker (J. Amer. Chem. Soc., 1915, 37, 1445) for potassium chloride 
in the presence of hydrogen ion, no data being available for the 
activity of the iodine ion. The close similarity of the potassium 
chloride and potassium bromide values renders the use of potassium 
chloride values justifiable. The figures do not refer to 60°, and 
hence are assumed to be only relatively correct. The product in 
column 5 shows that the rate of reaction is inversely proportional 
to the effective concentration of the iodine ion, as predicted by 
equation (14). 

The reaction between iodine and sodium formate in the presence 
of potassium iodide has been studied by Dhar (J., 1917, 111, 726). 
He concludes that interaction takes place between iodine and formyl 
ions and notices the retarding influence of potassium iodide. He 
explicitly excludes, however, the possibility that this effect is due to 
disturbance of the equilibrium I, + 1’ —I’s, and claims that the 
potassium iodide acts catalytically. He compares two cases in which 
“the concentrations of sodiumo formate are equal and according to 
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the mass-action equilibrium the velocity coefficients should be the 
same, since the ratio of the concentration of potassium iodide and 
iodine is the same in the two cases ”’ (loc. cit., p. 730). As a matter 
of fact, the ratio of the two velocity coefficients is k,/k, = 
0-00196 /0-00378 = 0-52. If we now apply equation (14) to the case 
of a velocity determination in which [H-COO’] and [I’] are con. 
stant (sodium formate and potassium iodide were in excess in 
Dhar’s experiments), we have on integrating, (1/t) log a/(a — x) = 
k= K.K,.[{H°COO’)/[I’]. For two experiments in which 
[H:COO’] is the same in each, we have k,/k, = [I’],/[I'],. Apply- 
ing this to Dhar’s examples, with the assumption that the 
potassium iodide is completely dissociated, we find k,/k, = 
2-7066/5-4132 = 0-50, in excellent agreement with the ratio given 
above. Thus Dhar’s results do not, as he concludes, require us 
to regard the action of the potassium iodide as catalytic, but actually 
provide very good evidence in support of the view embodied in 
equations (1) and (1A) above. 
THE Dyson Perrins LABORATORY, OXFORD. 
Tue Battion AND TRINITY COLLEGE LABORATORIES, 
OXFORD. [Received, January 28th, 1926.] 


CXLV.—The Complexity of the Solid State. Part III. 
The Behaviour of Pure Sulphur Trioade. Part II. 


By AnprREAS Smits and PreTER SCHOENMAKER. 


ConTINUING our earlier publication on the behaviour of pure sulphur 
trioxide (J., 1924, 125, 2554) we first conclude the description of 
our investigation of the ice-like form. Tables VIII and IX of that 
paper contained the vapour pressures of the solid and the liquid 
phases of the ice-like form when in inner equilibrium up to 49-75°. 
We have since determined the vapour pressure of the liquid in inner 
equilibrium up to 90° with the following results : 


57-1° 65-4° 74-0° 80-9° 90-2° 
“2 2041-0 2964-0 3985-5 5794-0 


In order to find the point of intersection of the vapour-pressure 
curves of the solid and the liquid in inner equilibrium we have 
applied the method already used in the study of phosphorus 
(** Theory of Allotropy,” p. 226; Z. phystkal. Chem., 1916, 91, 248). 
From the equation 7 In p = —Q/R+ CT, it follows that on 
plotting 7’ In p as a function of 7' a straight line will be obtained. 
The values of 7’ ln p for the temperature range 0—90-2° are in the 
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second column of Table I, and graphical representation gives two 
straight lines (see Fig. 5, p. 2565, of the earlier paper). 

The two straight lines intersect in the triple point 16-8° and 
T In p= 1467, corresponding with p=158-5mm. (Lighty, Berthoud, 
and Le Blanc found 16-79°, 16-85°, and 16-8° respectively.) From the 
slope of the sublimation line, covering the first four temperatures of 
Table I, it follows that C for this line is 25-84, and hence the values 
of Q/R for the different observation temperatures may be calculated 
as shown in the third column of Table I. If the mean value of Qsq/R 
is taken as 6000, the molecular heat of sublimation, Qsg, is 11900 cal. 

Similarly, the value of C for the liquid vapour pressure line is 
found to be 22-7, and the molecular latent heat of evaporation, 
Q:q, based on the mean value of Qic/R (see Table I), is calculated 
to be 10100 cal. It further follows that the molecular latent heat 
of fusion, Qs, is 1800 cal. (Le Blanc calculated 2220 cal. from his 
determinations.) 

From our determinations, it appears that the boiling point under 
a pressure of 760 mm. is 44-8° (compare Buff, 46—47° ; Schultz-Sel- 
lock, 46°; Weber, 46°2°; Lighty, 44°88°; Berthoud, 44°52°), and 
that the Trouton ratio Qr¢/7'3 = 10100/317-8 = 31-8, as compared 
with the normal value 22. These results indicate that the liquid is 
more complex than the vapour, and that the solid and liquid phases 
differ but slightly in complexity. We shall return later to this 
phenomenon. 


TABLE I. 

Ss T In p. Q/R. t. T ln p. Q/R. 
0-15° 1043 6015 35-0° 1889 5102-5 
5-0 1164 COIs. . 7 40-5 2010 5106-5 
10-2 1299 6019;5 + G 45-0 2116 5103 
15-5 1434 6021. 49-75 2229 5104 
17-6 1486 5111 57-1 2386 5107 ‘L+G 
20-5 1553 5109 65-4 2579 5103 
22-5 1602 5100 \L+G 74-0 2774 5103 
25-3 1658 5113-5 80-9 2934 5100 
30-65 1786 5106 90-2 3147 5100 ¢ 


The Insufficiently Dried, Low-melting, Asbestos-like Form. 


The region of the pseudo-system, in which the ice-form of sulphur 
trioxide is situated, is that of a dissociable compound of pseudo- 
components, related to each other as polymerides or isomerides, 
these terms being used in the widest possible sense (J., 1924, 125, 
2554). 

The ice-form of sulphur trioxide is one of the two metastable 
modifications. The other generally constitutes three-quarters of 
the pure sulphur trioxide in the bulbs supplied by Kahlbaum; it is 
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like asbestos in appearance and will be referred to as the low. 
melting, asbestos-like form. 

For our more recent work, several bulbs provided with a septum 
(Fig. 1) were sent to the firm of Kahlbaum and filled with pure 
sulphur trioxide, the ends of the tubes a and 6 then being sealed, 
Such a bulb, unevacuated, was joined to a high-vacuum pump at 
a by a very short rubber tube connected with a small steel tube 
about 5 cm. in length, in such a way that a was inside the steel 
tube; by moving this tube the point a (previously scratched) could 
be broken. (To prevent the mercury in the pump from reacting 
with the sulphur trioxide, a U-tube cooled in liquid air was placed 


Fic. 1. Fia. 2. 


d 
' (b F 
C b /\ : Cc 
7. J a 


in front of the pump.) After evacuation, the capillary tube a was 
sealed off. 

A second T-piece with a septum, §,, was now sealed to the delivery 
tube, a breaker of solid glass carefully placed on the septum §, 
(Fig. 2), and the tube c sealed to a glass spring indicator, with the 
bulb g and the mantle w still connected through a capillary tube, 
v, as shown in Fig. 3. Bulb g was connected to a wide horizontal 
U-tube to which were sealed two or four vertical tubes, provided 
with capillaries, and a T-piece with septum, S,, with breaker and 
bulb, m. The remaining connexion with the vessel w is evident 
from Fig. 3. 

The whole apparatus was heated while a current of dry air was 
driven through every tube and vessel, and finally the capillary ends 
of these tubes and vessels were sealed off in succession. The 
sulphur trioxide bulb being cooled in liquid air, the rest of the 
apparatus was evacuated by connecting the delivery tube of vessel 
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u, which also was cooled in liquid air, with the high-vacuum pump. 
When a high vacuum had been reached, communication between 
the mantle w of the glass spring and the vessel g was stopped by 
sealing off the capillary tube v. The septum 8, was then broken 
by shaking the apparatus. By evacuating again, sealing off the 
capillary 7, and allowing the sulphur trioxide bulb to attain room 
temperature, a sufficient portion of the sulphur trioxide was distilled 
into g, this vessel being cooled to —80° in a mixture of solid carbon 
dioxide and alcohol. The capillaries p and q were then sealed off. 

The further manipulations necessary to make the apparatus ready 
for vapour-pressure measurements are described in J., 1924, 125, 
2554. 


Fic. 3. 


A part of the sulphur trioxide, obtained in the foregoing way, 
was the ice-form, for we found the vapour-pressure line of this form to 
be as if it were ininner equilibrium. This wasin complete agreement 
with the fact that the sulphur trioxide had not been dried by phos- 
phorus pentoxide. After the ice-form had been distilled off by 
cooling tube & in liquid air and sealing, the vapour-tension line was 
determined again with the following results : 


TABLE [}. 
P p 
Temp. (mm. Hg). TInp. Q/R. Temp. (mm.Hg). 7 Inp. Q/R. 
0-2° 33-0 955-3 6574 20-25° 162-8 1494 6588 
5-1 49-2 1083 6579 24-85 230°1 1620 6588 
10-1 72-3 1212 6590 30:3 334-1 1761 6598 
15-0 106-6 1345 6592 
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The vapour pressures for the not intensively dried, liquid phase were 
the values employed in Table I. 

If 7 In p is plotted against 7’, Fig. 4 is obtained, in which two 
straight lines intersect at 32-5° and 7' In p = 1823 (7.¢., p = 398 mm. 
Hg). This temperature is the melting point of the low-melting, 
asbestos-like form under this vapour pressure, if it is in inner equili- 
brium, or, in other words, if it behaves as a unary substance. 

The triple point of the low-melting, asbestos-like form is therefore 
situated at 32-5° and 398 mm. Hg. The vapour-tension line for 
this form indicates that the 
value of C in the formula 
geeee sara T ln p= —Q/R+ CT is 

27-56. The value of Q/R 
at each observation temper- 
ature is in Table II, and the 
7 | | | mean value may be taken as 
1823; |_| | | | 6590, whence Qsq = 13000 

am! 5 Leal cal. Since Qr¢ = 10100 cal. 
| ia 4} — (see p. 1109), it follows that 

1500 4 
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Fig. 4. 
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| - The Intensively Dried, Low- 
melting, Asbestos-like Form. 


+ The method of intensive 

. drying, as applied with the 

inl ice form, is very difficult to 

| carry out in this case, since 

29 | |_| it is an arduous task to 

0 10 20 30 40 50 60 prepare the low-melting, 

"T-273° asbestos-like form if the 

sulphur trioxide has been 

intensively dried. We have therefore prepared the not intensively 

dried, low-melting, asbestos-like form and begun to dry it in the 

solid state, an operation which will take a very long time, perhaps 
several years, for completion. 

In a preliminary trial phosphorus pentoxide was distilled into 
bulb m in the way previously described. The bulb was then 
evacuated, the delivery tube sealed off, the apparatus inverted, and 
the septum S, broken by means of the breaker in tube /. The 
apparatus was again set upright; the large hole in the septum was 
thus freed, this being necessary for the drying to take place as 
rapidly as possible in the given circumstances. As we feared, the 
drying of the solid substance was exceeding:y slow, the effect after 
3 months being inappreciable. Finally we tried once more to prepare 
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the intensively dried, low-melting, asbestos-like form from the 
intensively dried, ice-like form, but obtained the high-melting form. 


The High-melting, Asbestos-like Form. 

The Intensively Dried, High-melting, Asbestos-like Form (First 
part).—The apparatus for determining the vapour pressure of this 
form was filled in the way described in our first publication (loc. cit.), 
a bulb, containing pure sulphur trioxide, of the form shown in Fig. 2 
being used. The storing apparatus having been filled with the 
intensively dried ice form (see Fig. 2, loc. cit.), the glass spring 
indicator was first filled with this form. 

By distilling sulphur trioxide alternately from one vessel into 
another, the distilling vessel being at room temperature or slowly 
heated and the condensing vessel cooled in liquid air, it is possible 
to convert the ice form almost completely into the high-melting, 
asbestos-like form; the last traces of the ice form are removed by 
distilling into one of the tubes and sealing it off. 

As shown in our first publication, the dried ice form of sulphur 
trioxide, as in the case of a mixture, exhibits a lower vapour pressure 
after a small portion has been distilled off. This phenomenon, first 
observed with violet phosphorus (‘‘ Theory of Allotropy,” pp. 96, 
213), is exhibited in a much higher degree by the high-melting, 
asbestos-like form. The intensively dried, high-melting, asbestos- 
like form, obtained in the way mentioned above, showed a very low 
vapour pressure, which remained constant at room temperature. 
At higher temperatures, however, the vapour pressure rises with a 
velocity which decreases with the time. The apparatus being kept 
at constant temperature, this phenomenon has been studied success- 
ively with the same filling at 30° and 40°, and with a new filling at 
50°; the results are shown in Figs. 5,6, and 7. In these figures the 
curves approach asymptotically a final value, indicated by a dotted 
line. 

Calculating 7 In p from the final values of the vapour pressure at 
the three temperatures, we obtain the results shown in Table ITI. 


TABLE III. 
é p (mm. Hg). T' In p. Q/R. 
30° 120 1450 8246 
40 290 1780 8236 
50 650 2090 8246 


The three points obtained by plotting 7 In p against T are collinear 
as shown in the lower line of Fig. 8. 

The behaviour of the high-melting, asbestos-like form agrees 
completely with that of the ice-like form. There are only quanti- 
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tative differences, due to the higher temperatures at which the high: 
melting asbestos-like form had to be studied. The velocity of estab- 
lishment of inner equilibrium in the intensively dried material being 
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imperceptibly slow at 18°, the initial preparation, highly disturbed 
by rapid evaporation, showed an abnormally low vapour pressure, 
which did not change. At higher temperatures, however, the 
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velocity becomes greater and is manifested in the vapour pressure, 
which increases until inner equilibrium is reached. Violet phos- 
phorus shows exactly the same interesting behaviour (Z. physikal. 
Chem., 1916, 91, 249). 

From the vapour-pressure curves of the high-melting form, in 
inner equilibrium, and of the liquid (Table I), we can find the unary 
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melting point of the high-melting, asbestos-like form under its own 

vapour pressure, 7.e., the triple point S + L + Gofthisform. The 

two lines obtained by plotting 7' ln p against T' for the solid and the 

liquid form (Fig. 8) intersect at ¢ = 62-2° and 7'In p = 2502, or 
p = 174-3 cm. of mercury. 

As in the case of the ice-like form and the low-melting, asbestos- 


like form, we can calculate here the heat quantities. Thus, using 
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the relationship 7 In p = — Q/R + CT, we find C = 32-0. The 
mean value of Q/R for the three observation temperatures (see 
Table III) is 8240, so that Qsg = 16300 cal. Now we know that 
Qia = 10100 cal. Hence Qs, = 6200 cal. We see that the 
molecular heat of sublimation and the molecular latent heat of fusion 
are greatest with the high-melting, asbestos-like form, which seems 
to be most complex. 

The High-melting, Asbestos-like Form, dried only by Distillation — 
Before continuing the description of our experiments with the 
intensively dried, high-melting, asbestos-like form, we wish to state 
here that, starting with the not intensively dried, metastable, ice- 
like form, freshly distilled from a bulb of pure sulphur trioxide, and 
carrying out the experiment in the way described above, but in an 
apparatus without phosphorus pentoxide, we have easily obtained 
the stable, high-melting, asbestos-like form dried only by distillation. 

We have examined this form to see if we could determine directly 
the unary vapour-pressure line of the high-melting, asbestos-like 
form. This proved to be impossible, for the substance behaved 
almost exactly like that intensively dried by phosphorus pentoxide. 
As is mentioned in our first paper on this subject, the literature 
states that the substance we call the high-melting, asbestos-like 
form, not intensively dried, shows a very slowly rising vapour 
pressure. Now, as this substance was of course separated from 
the ice-like form by distilling off the latter, it was likely that this 
distillation process was sufficient to lead to the very dry state 
necessary for the existence of the high-melting, asbestos-like form. 
Our method of transforming the ice-like form into the high-melting, 
asbestos-like form is a distillation process repeated several times 
and therefore it was to be expected that our preparation would be 
extremely dry. 

The Intensively Dried, High-melting, Asbestos-like Form (Second 
part).—We have already mentioned that in preparing the inten- 
sively dried, high-melting, asbestos-like form the last traces of all 
other forms are distilled off. In this process a part of the high- 
melting, asbestos-like form is evaporated also and the result is a 
high-melting, asbestos-like form of very low vapour pressure, 
constant at the ordinary temperature but rising perceptibly at 
temperatures above 30°. 

We have studied this phenomenon more closely. In an apparatus 
filled with the intensively dried, high-melting, asbestos-like form 
which had stood some weeks in a thermostat at 50° the vapour 
pressure had risen to 591 mm. Hg., and was still rising very slowly. 
A part of the high-melting, asbestos-like form was now distilled off 
by cooling one of the condensing tubes in liquid air. After this tube 
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had been sealed off, and the apparatus replaced in the thermostat, 
the vapour pressure was found to have decreased enormously, 
namely, from 591 mm. to 37 mm. Hg. The vapour pressure, however, 
rose and readings made at intervals gave results which are repre- 
sented graphically in Fig. 9. 

The vapour pressure has risen above the initial pressure, in agree- 
ment with the fact that at the start the vapour pressure was still 
rising, although very slowly. The fact that the vapour pressure 
decreases so greatly on partial distillation proves that the high- 
melting asbestos-like form behaves as a mixed crystal consisting 
of at least two components differing largely in vapour pressure. 
These components must be pseudo-components, since after partial 
distillation the vapour pressure is not constant but rises, proving 
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that a more volatile part is formed from a less volatile part. Con- 
sequently the state for which the vapour pressure is abnormally low 
is a disturbed state of the stable, solid aggregation of the sulphur 
trioxide system. 

As mentioned already, the unary melting point of the high- 
melting, asbestos-like form under its own vapour pressure is 62-2°, 
the pressure being 1743 cm. Hg. Since it is possible to obtain 
different states of this high-melting asbestos-like form with very 
low vapour pressure it was important to determine the temperatures 
at which melting occurred. Since the glass spring is apt to be 
broken by a sudden rise of vapour pressure, the experiments were 
carried out very carefully, the temperature of the thermostat being 
raised slowly and continuously, so that each experiment lasted 2 or 4 
days. Although this slow working is not favourable for producing 
the largest effect, the results in Table IV were obtained. 

Thus the initial melting points lie respectively 9°, 19° and 26-5° 
above the unary melting point of the high-melting, asbestos-like 
form under its own vapour pressure. With more rapid working it 


should not be difficult to realise still higher initial melting points. 
QQ2 
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TABLE IV. 
Vap. press. Vap. press. (cm. Hg) 
Tnitial (cm. Hg) of the liquid if in 
Preparation. m. p. at initialm. p. TJ In p. inner equilibrium, 
3 71-0° 192 2601 266-0 
a4, 81-0 212 2711 400-2 
HiT, 88-8 227 2796 642-7 


A very remarkable phenomenon is that as soon as melting begins 
the vapour pressure rises so rapidly that it is very difficult to prevent 
the glass spring from being broken. This phenomenon had been 
expected, for we had already observed that, although the intensively 
dried liquid phase could behave as a mixture at relative low tem- 
peratures, at higher temperatures, e.g., above 50°, the establish- 
ment of the inner equilibrium in the liquid took place rapidly. 
According to the theory of allotropy the liquid initially produced 
by the melting of a disturbed state of the high-melting, asbestos-like 
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form with a very low vapour pressure, due to the low concentration 
of the volatile pseudo-components, is a liquid, co-existing with this 
disturbed solid state, also having an abnormally low vapour pressure, 
since it contains little of the more volatile pseudo-component. 
Now, whilst the velocity of establishment of inner equilibrium in the 
solid, intensively dried, high-melting, asbestos-like form is slow 
even at, e.g., 81°, inner equilibrium will be established with great 
rapidity in the liquid. For this state, the vapour pressure at 81° is 
400-2 cm. Hg (value calculated by interpolation), so that, when 
melting begins at 81°, at a vapour pressure of 212 cm. Hg, the 
vapour pressure must rise considerably at constant temperature. 

The determination of the temperature and pressure at which 
the disturbed solid state under consideration begins to melt is very 
important, for it is evident that these points, where a disturbed solid 
state co-exists with liquid and vapour (also not in inner equilibrium), 
are points on a three-phase line in the pseudo-system. 

Though the equation d\n p/dT = Q/RT* does not hold for a 


— oe et hee 


PART III. BEHAVIOUR OF PURE SULPHUR TRIOXIDE. PART II. 1119 


three-phase equilibrium, the curve of 7' In p plotted against 7’ is 
a straight line, as Fig. 10 shows. 

As is demonstrated in detail in the ‘‘ Theory of Allotropy ”’ (p. 18, 
Fig. 24; p. 28, Fig. 41), the unary melting point under vapour 
pressure is situated where the unary vapour pressure curve, 1.¢., 
the vapour pressure curve of the liquid phase in inner equilibrium, 
meets a three-phase line for the co-existing solid, liquid, and vapour. 
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Plotting 7' In p against 7' both for the three-phase system and for 
the unary liquid system we obtain Fig. 11, showing the intersection 
of these lines at 62-25° and 174-3 cm. Hg. This is in complete 
agreement with our experiments mentioned on p. 1115. 


Initial Melting Points of the Highly Disturbed States of the High- 
melting, Asbestos-like Form. 


In the vapour pressure determinations of the disturbed states of 
the high-melting, asbestos-like form the rate of heating was very 
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slow, especially at higher temperatures, in order to prevent the glass 
spring from being broken. To ascertain at what temperatures 
melting would occur if the disturbed substance was heated less 
slowly, some tubes were filled with the intensively dried, high. 
melting, asbestos-like form, disturbed as much as possible by partial 
distillation, in the same way as was done in our vapour-pressure 
apparatus. After being sealed off, these tubes were placed in a 
stirred oil-bath, the temperature of which was slowly raised. The 
temperatures at which melting began are in Table V. 


TABLE V. 


Vap. press. (cm.) at Vap. press. (cm.) of 
the moment melting the liquid in inner 


Tube. Initial m. p. began. equilibrium. 
I. 65-0° 179-1 198-7 
a5, 77-0 203-7 344-7 
III. 95-0 238-8 703-6 


It is seen that initial melting points are realised up to 33° above the 
melting point of the same substance if in inner equilibrium. These 
experiments were dangerous, since, as has already been mentioned, 
the liquid formed establishes inner equilibrium and the pressure 
rises suddenly to relatively high values. 

To demonstrate this we have inserted columns three and four in 
Table V. The third column shows the pressure at the moment the 
liquid is formed (the pressure on the three-phase line at the temper- 
ature considered here), and the fourth column shows the pressures 
reached when the liquid formed has established inner equilibrium. 
In the last case, the pressure rises from 3-14 atm. to 9-24 atm. 
Obviously the increase of vapour pressure takes place very rapidly 
and in fact caused a very serious explosion on one occasion. 


The Position of the Unary System in the Pseudo-system. 


In our first paper on this subject (loc. cit.) and in the previous pages 
of this paper we have described the investigations leading to our 
knowledge of the P-T' diagram of the unary system sulphur trioxide 
with regard to the equilibria in the vapour phases. 

The schematical diagram is shown in Fig. 12. 

Further it has proved that the intensively dried phases of sulphur 
trioxide behave like the phases of a mixture. The continuous 
change in the vapour pressure of the ice-like form caused by dis- 
tillation enabled the region of the pseudo-system, to which this 
form belongs, to be studied. It is the region of a dissociable com- 
pound, forming mixed crystals which, if behaving as a unary 
substance, are a little richer in the more volatile pseudo-component 
than is the ordinary compound. 
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As regards the high-melting, asbestos-like form, this stable 
modification exhibits the phenomenon of falling vapour pressure 
on partial distillation even more strongly than the ice-like form, 
and by studying the states of different vapour pressure we found 
another part of the pseudo-system, namely, that to which the high- 
melting, asbestos-like form belongs. We realised also a part of a 
three-phase line for co-existing vapour-liquid-solid, the last phase 
of which is a mixed crystal of variable composition. 

The unary, high-melting, asbestos-like modification is a mixed 
crystal of the same pseudo-components, with this peculiarity, that 
the pseudo-components are in inner equilibrium. 


174,5C%| 


o 


168° 325° 62,2 


3 


Sa = ice-like form; Sg =low-melting, asbestos-like form; Sy = high melting, 
asbestos-like form. 


As to the ice-like form, we were fortunate enough to be able 
to study the larger part of the three-phase line of this form, from 
which the conclusion could be drawn that the solid co-exisiting phase 
was a compound. 

The three-phase line of the high-melting, asbestos-like form 
could only be studied to a small extent, and so far we do not know 
whether this form is a mixed crystal of a compound or a mixed 
crystal of the high-melting pseudo-component. For the present, 
this does not matter, and we will assume here the latter simple case. 

The low-melting, asbestos-like form, which, as already stated, 
is easily obtained so long as the sulphur trioxide has not been 
intensively dried, does not appear or appears only in very small 
quantity if this has been intensively dried. The three-phase line 
to which the unary melting point under its own vapour pressure, 
i.e., the triple point, of this form belongs therefore cannot be studied 
until this form, prepared in the not intensively dried state, is inten- 
sively dried. This drying will take several years and therefore we 
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cannot say whether the low-melting, asbestos-like form is a mixed 
crystal of a compound or a mixed crystal of a second series of mixed 
crystals of the highest-melting pseudo-component. 

Though the answer to this question will be very interesting, it can 
have very little influence on the pseudo-system and the situation 
of the unary system in it which can be deduced from our observations, 

In one or two reviews of ‘‘ The Theory of Allotropy ’’ appears the 
criticism that the phenomenon of allotropy is regarded as being very 
complicated. Now it is most remarkable that by chance the first 
system that could be studied more closely, thanks to the ease of 
drying, not only gives a strong confirmation of the theory but also 
shows that the pseudo-system of the so-called simple substance 
sulphur trioxide is much more complex than the most complicated 
case dealt with in the theory mentioned above. 


We will start with the P-T' diagram (Fig. 13). It is the diagram 
of a system of two pseudo-components in which two dissociable 
compounds appear. The minimum melting points of the compounds, 
however, are metastable, since the three-phase lines intersect at 
pressures situated above them. 

The case we have to consider here is not one of the simple cases 
dealt with in the ‘‘ Theory of Allotropy ” (pp. 28, 34), but the much 
more complicated one following from these cases if compounds are 
formed. 

a is the triple point of the pseudo-component «, and £ is the triple 
point of the pseudo-component 8. These points are connected by 
four three-phase lines, ae representing the three-phase line for the 
co-existing system «-mixed crystals + liquid + vapour; egg’ the 
three-phase line for the co-existing system «,8,-mixed crystals + 
liquid + vapour; ghh’ the three-phase line for the co-existing system 
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%8,-mixed crystals + liquid + vapour; and hk the three-phase 
line for the co-existing system $-mixed crystals + liquid + vapour. 
We see that the greater part of the three-phase line ghh’ represents 
metastable states. 

The position of the unary system in this pseudo-system is given 
by thick lines. The line ABCDE is the vapour-pressure curve for 
the liquid in inner equilibrium. Where this curve meets a three- 
phase line of the pseudo-system a three-phase co-existence of the 
unary system appears. Every one of the three phases is in inner 
equilibrium or, in other words, there appears a unary melting point 
under its own vapour pressure (a unary triple point). The first 
meeting takes place at D, the stable unary melting point under 
its own vapour pressure. Further, the metastable part of the unary 
vapour-pressure line of the liquid still meets two metastable three- 
phase lines, one at C and the other at B. These points are meta- 
stable unary melting points under vapour pressure. At every unary 
melting point under vapour pressure, or triple point, three two- 
phase lines meet. The stable sublimation curve, D’D, the stable 
vapour-pressure curve of the liquid, DE, and the stable melting 
curve, DF, meet in the stable triple point and the three curves which 
meet at the two metastable triple points C and B are metastable. 

This figure now represents substantially the P-T7' diagram of the 
pseudo-system of sulphur trioxide and the position of the unary 
system in that pseudo-system. ABCDE is the vapour-pressure line 
of liquid sulphur trioxide in inner equilibrium. A’B is the vapour 
pressure line of the ice-like form in inner equilibrium, and the three- 
phase line egBg’ that of the pseudo-system, which is a three-phase 
line for the co-existence of mixed crystals of a compound-liquid— 
vapour. C’’C is the vapour pressure line of the low-melting asbestos- 
like form in inner equilibrium, and the three-phase line ghGh’ 
that of a mixed crystal of a compound + liquid + vapour, 
but it is also possible that instead of a mixed crystal of a 
compound, series of mixed crystals of the 8-pseudo-component are 
existing—which, however, does not change our diagram. 

D'D is the vapour pressure line of the high-melting, asbestos-like 
form in inner equilibrium, and hDk is a three-phase line of the 
pseudo-system for the co-existing system mixed crystals of the 
8-pseudo-component -+- liquid + vapour. 

It is possible that here, instead of mixed crystals of the 6-pseudo- 
component, mixed crystals of another compound are co-existing, 
but as we do not know this, we will assume here the simplest case. 
Moreover, for an insight into the connexion of the pseudo- and unary 
systems this question is of little importance. 

At two places now we have been able to penetrate the peeudo- 
QQ 


1124 sMITS AND SCHOENMAKER: COMPLEXITY OF SOLID STATE. 


system, (1) in the region to which the ice-like form belongs, and 
(2) in the region to which the high-melting, asbestos-like form belongs. 

By distilling off the intensively dried, ice-like form compositions 
different from that of the unary ice-like form could be obtained and 
so it was possible to determine a part of the three-phase line egBg’, 
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By distilling off the intensively dried, high-melting, asbestos-like 
form, enormously high effects were realised and states were obtained 
the vapour pressures of which were reduced up to 1/15 of the vapour 
pressure at inner equilibrium at the same temperature. In this 
connexion vapour-pressure lines could be realised lying far below 
the unary vapour-pressure line D’D. 

This phenomenon enabled us, by continuing these curves, to 
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determine a part of the three-phase line hDk of the pseudo-system. 
Thus the curve Dk could be determined over a range of about 30°. 
The P-7' diagram considered here is a diagrammatic one. Drawing 
the observed curves of the most interesting part just as they have 
been found, we get the P-T diagram in Fig. 14. 

Finally we give diagrammatically the melting-point figure (Fig. 
15) corresponding with the constant pressure indicated in the P-T 
diagram (Fig. 13) by p,. 

Reference to _ the Fic. 15. 

“Theory of Allotropy ”’ 
(p. 36) will render this L 
melting-point figure 
comprehensible at once. 

In connexion with 
our P-T' diagram two 
compounds appear giv- 
ing mixed crystals. The 
melting points of these 
compounds are situated 
in metastable regions. 
The line LL,L,L, speci- 
fies the inner equilibria ' 
in the liquid at different y Cia 
temperatures. | Where ‘ 
this line meets a melt- : 
ing-point curve of the 
pseudo-system a unary ' 
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melting point appears. rn 
Three such meetings 

take place, one at L,, 

a second at L,, and a 
third at L,. The co- 
existing phases at the yg p 
unary stable melting 

equilibrium, indicated 

by the liquid phase L, and the solid phase S,, represent the melting 
equilibrium of the high-melting, asbestos-like form.* Similarly, L, 
and §, indicate the metastable co-existing phases of the low- 
melting, asbestos-like form at the metastable unary melting 
equilibrium, and L, and S, represent the same for the ice-like form. 
The lines S,S,’, 8,S,’, and 8,8,’ specify the inner equilibria of the 


oS 


* We prefer here to speak of melting equilibrium and not melting point, 
since in the 7-X diagram the melting phenomenon is indicated by two 
points, one representing the solid and the other the liquid phase. . 
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stable and of the two metastable solid states at different temper. 
atures, under constant pressure. Our P-7' and T-X diagrams do 
not show a eutectic, which is most probable if 8 is a polymeride of «, 

It appears from our study of sulphur trioxide that the “ Theory of 
Allotropy ” has not represented the phenomenon as more compli. 
cated than it is. From the experiments of H. B. Baker and Mrs, 
Baker as well as our own, it was to be expected that a study of 
substances in an intensively dried state would offer the greatest 
chance of finding out something about the complexity of the so. 
called simple substances and we have found that the two first 
substances which could be obtained easily in an intensively dried 
state, namely, sulphur trioxide and phosphorus pentoxide, showed 
the complexity in a most distinct way. 

Nature is very complex; and the old theory of allotropy is not 
satisfactory, for it cannot be assumed that we have studied acciden- 
tally the only substances showing complexity. We have studied 
the substances most easily dried, and we may expect that other 
substances in the intensively dried state will also show complexity, 
for there is little doubt that complexity is a general phenomenon. 

In the next paper we shall deal with the results of our X-ray 
investigations. 

Summary. 


The investigation of the ice-like form of sulphur trioxide has 
been completed. The unary sublimation curve and the unary 
vapour-pressure line of the liquid having been determined, the 
heat quantities can be calculated. The unary triple point is at 
16-8° and 158-5 mm. Hg. 

The low-melting, asbestos-like form has been studied in the not 
intensively dried state, in which it is in inner equilibrium, so that 
here also the heat quantities can be calculated. The unary triple 
point of this form is at 32-5° and 398 mm. Hg. 

The intensively dried, low-melting asbestos-like form cannot be 
prepared from the intensively dried, ice-like form; instead of the 
low-, the high-melting form always appears. The intensive drying 
of the low-melting asbestos-like form must be done with the 
substance in the solid state, and will take perhaps several years. 

The high-melting, asbestos-like form has been studied closely in 
the intensively dried state. It exhibits more strongly than any 
other form the property of diminishing vapour pressure on dis- 
tillation. A decrease from 59-1 to 3-7 em. Hg has been observed. 

The abnormally low vapour pressures remain constant at room 
temperature. But at higher temperatures the vapour pressure 
increases with a velocity which decreases with the time. This 
proves the velocity of the establishment of the inner equilibrium 
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to be imperceptibly slow at 18°. At higher temperatures, however, 

this velocity increases, and becomes manifest in the increasing 
vapour pressure, until inner equilibrium is reached. The vapour 
tensions asymptotically approach final values, being the values 
corresponding to inner equilibrium. The unary sublimation curve 
of this form has thus been found and the heat quantities have 
been calculated. The unary triple point of this form is at 62-2° 
and 174-3 cm. Hg. 

In a second section the intensively dried, high-melting asbestos- 
like form has been considered more closely, and the phenomenon 
of diminishing vapour pressure on distillation studied in detail. 
The initial melting points (and the corresponding vapour pressures) 
of states of different low vapour-pressures lie up to 33° above the 
melting point of the same substance if in inner equilibrium. 

The observed phenomena prove that the high-melting asbestos- 
like form is a mixed crystal of at least two pseudo-components 
differing widely in volatility and melting point. 

Application of the theory of allotropy to these results enables 
the position of the unary system in the pseudo-system to be 
deduced. This position is given in a P-7' diagram and in a T-X 
diagram and by its means the observed phenomena can easily be 
demonstrated. 

This study shows most clearly that nature is very complex, and 
the old simple theory, being unsatisfactory, is to be replaced by the 
theory of allotropy. 
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CXLVI.—Preparation of Nickel Membranes for 
Ultrafiltration. 


By JoHn MANNING. 


THE membranes which have hitherto been used for ultrafiltration 
have usually been prepared by impregnating filter-papers with 
nitrocellulose dissolved in acetic acid or in a mixture of ether 
and alcohol. They can neither be used at high temperatures nor 
with solvents such as acetone. In this communication are described 
membranes, prepared by the electrical deposition of nickel on fine 
nickel gauze, which can be used at high temperatures and in the 
presence of organic solvents. 

The apparatus shown in the figure is made of nickel-plated 
phosphor-bronze. The two flanges are bolted together with the 
membrane between. The membrane alone could not stand the 
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high pressure involved and was therefore supported by a nickel 
disc through which several holes had been drilled. Various materials 
were tried as washers, but the most suitable was a pure silver-wire 
ring softened by annealing. This was flattened between the 
flanges when they were screwed together and made a very satis. 
factory joint. The apparatus could be used with pressures up to 

‘ sixteen atmospheres. 

— As a foundation for the 
es membrane, fine nickel gauze 
(mesh 200) and, in later experi- 
sarge ments, phosphor-bronze gauze 

ene was used. 

In the early work, a nickel 
sheet of suitable size was made 
the anode in a solution which 
was agitated by using the cathode 
itself as a vertical stirrer. The 
solutions were similar to those 
used for ordinary nickel-plating, 
containing, for example, 120 g. 
of nickel sulphate, 22-5 g. of 
ammonium chloride, and 15 g. of 
boric acid per litre. With the 
current densities first used, 
smooth, even, and hard deposits 
were obtained, perforated with 
small holes. If the plating pro- 
cess was continued until these 
were filled in, the rest of the 

Ultrafilter. membrane became entirely im- 

A Screw for pressure gauge. B Holes permeable. With high current 
fo a¥" oS Sicerring Dem: densities, i, 2 amps. per 4 5 
nickel support for membrane. G As- 1n., at 3:3 volts very irregular 
bestos compressed against glass tube. deposits were obtained. As the 
ee current density and £.M.F. 
were decreased, the character of the deposit changed; it became 
less hard and darkened in colour and, at 0-3—0-5 amp. per 4 sq. in. 
at 0-9—1-1 volts, the resulting membranes were almost black and 
fairly regular. The suitability of the above membranes for ultra- 
filtration was tested by means of the following experiments. 

A colloidal solution of silver in stearic acid, prepared by the 
reduction of silver stearate suspended in the acid (Giles and Salmon, 
J., 1923, 123, 1600), was filtered at 140° under a pressure of 2 atmo- 
spheres. Perfectly clear stearic acid came through, the colloidal 


v 
wae 7 


— Ce llr 


PREPARATION OF NICKEL MEMBRANES FOR ULTRAFILTRATION. 1129 


metal being entirely retained as a blue deposit on the membrane. 
A second experiment was carried out with a solution in which 
only partial reduction had taken place, so that there was present 
a considerable excess of silver stearate. In this case, silver was 
found in the filtrate, which was colourless, showing that, although 
the colloidal metal had been retained, the silver stearate, which we 
believe to exist as simple molecules, passed through the membrane. 

These membranes would also successfully filter arsenic sulphide 
and ferric hydroxide hydrosols, but they were not satisfactory 
with solvated organic colloids, such as gelatin in water, or nitro- 
cellulose in ether and alcohol. It seemed probable that filtration 
was taking place through a small number of holes, whilst the rest 
of the membrane was practically solid. These holes, which would 
retain inorganic solids and permit the passage of the solvent, 
became rapidly blocked up with gelatin. It was therefore necessary 
to obtain a more porous and open deposit, and experiments were 
carried out to determine the effect of changes in the composition 
of the plating bath on the character of the deposit. 

The presence of nickel chloride is usually considered to give a 
soft deposit; consequently, membranes were prepared by plating 
in solutions of that salt (100 g. of nickel chloride, 20 c.c. of con- 
centrated hydrochloric acid, and 1500 c.c. of water), hydrochloric 
acid being added to give a continuous evolution of gas at the cathode 
and thus increase the porosity of the deposit. - At low current 
densities, the membranes were more smooth and even than with 
higher current densities, but contained green patches due to the 
high concentration of chlorine ions present; consequently, in later 
experiments, sulphuric acid was used instead of hydrochloric acid, 
and nickel sulphate was substituted for a part of the chloride. 
Table I shows the effect of varying the relative proportion of 
chloride and sulphate in the plating bath, the most effective 
membranes being obtained when the ratio of sulphate to chloride 
was 50 to 80. 

The effect of varying the hydrogen-ion concentration on the 
nature of the membrane was also investigated. In one experi- 
ment, boric acid was used instead of sulphuric acid, in the hope 
that it would act as a hydrogen-ion regulator. Deposits in this 
case were hard with bright streaks and not efficient for filtration. 
In later experiments, the following plating mixture was used : 
100 g. of nickel sulphate, 80 g. of nickel chloride, 20 g. of sodium 
acetate (3H,O), and 1500 g. of water. The membranes which 
were obtained were suitable for ultrafiltration and were much less 
brittle than those prepared from previous solutions. With a still 
larger proportion of acetate the membranes became greenish and 
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TABLE I, 


The bath contained 1500 c.c. of water, 5 c.c. of concentrated 
sulphuric acid, and weights (g.) of nickel chloride and sulphate as 
indicated. 

Current densities: 1-1 amps. down to 0-4 amp. per 4 sq. in. 
Potential difference: 3-5 volts for 1 hr. and 2 volts for about 
18 hrs. 


Bath. Remarks on membranes. 
NiSO,. NiCl,. Appearance. Thickness. Filters 
0 100 Black. Flimsy. Night blue. 
20 100 Greenish. Denser. a 
40 80 n - Night blue and 
gelatin. 
50* 80 Brown, sometimes is Night blue and 
greenish. cellulose acetate. 

120 20 Trregular. 
120 0 No deposit from acidified solutions. 


* The 3rd and 4th membranes prepared from this bath were much better 
than the first two. The bath was filtered and acidified with 5 c.c. of con- 
centrated sulphuric acid before each successive plating operation. 


still more pliable. In the next paragraph are described experiments 
carried out with these membranes. 

Ultrafiltration of Cellulose Acetate in Acetone and Water.—Cellulose 
acetate was dried and dissolved in a mixture of acetone and water, 
the acetone having been purified by the method of Werner and 
Shipsey (J., 1913, 103, 1255). Solutions of known concentration 
were prepared in tightly-corked flasks and, to prevent evaporation, 
were transferred to the ultrafilter through glass tubing. The 
filtration of 3 to 5 c.c. took from 10—15 hrs, at a pressure of 10—14 
atmospheres and, to avoid loss of acetone by evaporation, the 
filtrate was allowed to fall directly into a known weight of water. 
The acetone was estimated by Messenger’s méthod (Ber., 1888, 
21, 3386). The results of three experiments are shown in Table II, 
the figures in the column “ Cellulose acetate ’ showing the weight 
(g.) added to 100 g. of mixed acetone and water. 


TaB_e II. 
Concentrations after 
Initial concentrations. ultrafiltration. 
- mcs 
Cellulose Water % 
acetate. Acetone %. Water %. Acetone %. (by diff.). 
3-25 74-9 25-1 75-5 24-5 
5-41] 68-0 32-0 68°3 31-7 
3°73 71-1 28-9 71-7 28-3 


The analytical error is about 1%. 
The concentration of the acetone would be expected to fall on 
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account of its volatility, but, on the other hand, there appears to 
be a slight increase in concentration in the filtrate, indicating 
apparently that water is taken up by cellulose acetate (from these 
mixtures, at any rate) to a greater extent than acetone. 

Ultrafiltration of Sodium Stearate——Solutions of sodium stearate 
of concentrations lying between NV /2 and N/6 were ultrafiltered at 
a temperature between 80“ and 90°, the whole ultrafilter being 
surrounded by an electric oven. In every case, only a negligible 
amount of stearic acid penetrated the membrane, whilst the alkalinity 
of the filtrate was always less than 0-011, indicating that membrane 
hydrolysis had not taken place to any considerable extent. 

Solutions of casein and gelatin were also successfully filtered 
by means of this membrane. In the case of 0-5% gelatin sols, 
extremely small quantities of gelatin passed through the filter at 
16°, but, on raising the temperature to 45°, the gelatin almost 
entirely passed through. This means that the particles present 
at the higher temperature are too small to be retained. If we 
accept the view, which will be discussed in a later communication, 
that the difference between gelatin at these two temperatures is 
due to the secondary linking up of particles, then’ the primary 
particles of gelatin are considerably smaller than is usually 
believed. 

Determination of Size of Pores ——One of Bechhold’s methods for 
the determination of the size of pores depends on the minimum air 
pressure which will produce bubbles through the membrane covered 
1 mm. deep with water. 

Some irregularities in the membranes were detected by this 
method, one or two large holes usually being found. In a particular 
case, at a pressure of 3-5 atmospheres there was bubbling at one 
hole, at 4 atmospheres at 5 holes, and at 4:8 atmospheres the 
bubbling became general. In view of the results obtained, it 
seems probable that these large holes are very quickly blocked up 
during filtration. It was observed many times that initially the 
colloid came through, but was retained after the first few drops. 

The finest membranes obtained contained pores of between 
50—80 uu, the size increasing as the nickel sulphate content of the 
plating bath increased, until the average size of the pores was 300 uu, 
for a bath containing 90 g. of nickel sulphate, 80 g. of nickel chloride, 
1500 g. of water, and 5 c.c. of concentrated sulphuric acid. 


Summary. 
Membranes have been prepared by nickel plating on bronze 


or nickel gauze which are capable of retaining most colloids on 
ultrafiltration. They can be used at high temperatures, and with 
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solvents which will attack the usual membranes. The average size 
of the pores can be controlled by varying the plating bath, so that 
they can be used for fractional filtration. 


The author is indebted to the Department of Scientific and 
Industrial Research for a grant which enabled the above work to 
be carried out, and also to Mr. C. 8. Salmon, who suggested the 
subject and continually gave very valuable advice in the course 
of the experiments. 


Kina’s CoLLecr, Lonpon. [Received, January 29th, 1926.] 


CXLVIT.—Ring-chain Tautomerism. Part XV. The 
Phenol-succineins and -glutareins. 
By SrxurpHusHan Dutt. 
In a previous paper (Dutt and Thorpe, J., 1924, 125, 2524) it 
was shown that the effect of increasing complexity of the substit- 
uents R and R, in fluoresceins and rhodamines, derived from 


ax-disubstituted succinic and £8-disubstituted glutaric acids, of 
the following constitutions 


O O 
x(x x Y\/Sx 
a 4 a \7 yw vy, 

rags as 
RSg * bo Rog CO 
R, R,  # 

CH, 
Succinylfluoresceins; X = OH. Glutarylfluoresceins; X — OH. 


Succinylrhodamines; X = NMe,.  Glutarylrhodamines; X = NMe,. 


is to diminish the tetrahedral angle (6) between the directions of 
the two remaining valencies of the substituted carbon atom; the 
stability of the lactone ring is thereby progressively increased, and 
consequently the amount of open-chain coloured quinonoid deriv- 
ative produced by the action of alkalis and acids on these com- 
pounds progressively diminishes. The results of that research, 
which were based on spectroscopic data, were in complete accord 
with the results obtained by Thorpe and his collaborators, working 
on the same problem from other points of view. 
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The phenolsuccineins (I) and phenolglutareins (IT), 


HO’ ( oH HO’ (oH HO’ ben 


ye ee ed AK 
pa O das ue 
R>o—-CO R>C "CO R>6-00,H 
; (I.) \Z (I) (IIT.) 
CH, 


where RR, represent HH, MeMe, MeEt, EtEt, and the cyclohexane 
residue, have now been prepared and their absorption maxima deter- 
mined. The results obtained are in complete agreement with those 
found in the cases of the corresponding fluoresceins and rhodamines 
(loc. cit.) and thus serve to confirm the generalisation stated 
above. 

Like phenolphthalein, the phenol-succineins and -glutareins 
described in this paper are all colourless, crystalline substances 
which dissolve in alkalis with a bright pink colour, the mechanism 
of transformation from the colourless (I) to the coloured form 
(III) being the same as in the cases of the fluoresceins and rhod- 
amines, viz., fission of the lactone ring and formation of a quinonoid 
substance. The red quinonoid form is stable only in alkaline solu- 
tion, the stability being due to salt formation at the carboxyl 
group, and on acidification reverts to the original colourless lactone 
form. 

Green and Perkin have shown (J., 1904, 85, 398) that the gradual 
disappearance of the deep pink colour produced by treating 
phenolphthalein with an excess of alkali is due to the formation of 
a carbinol salt, (ONa-C,H,),C(OH)-C,H,CO,Na, produced by 
hydration of the quinonoid form, ONa:C,H,-C(:C,H,:0)-C,H,-CO,Na. 
On acidifying the colourless solution of the carbinol salt, the free 
carbinol is obtained, which spontaneously loses water and is recon- 
verted into the original lactone. 

In presence of alkali, the phenolsuccineins and, very much more 
rapidly, the phenolglutareins undergo changes similar to the above, 
only a slight excess of alkali being necessary to produce them. In 
fact, the normal red quinonoid salts of the phenolglutareins are 
unstable in solution even in the absence of an excess of alkali. 
These salts, which have an alkaline reaction in solution, probably 
dissociate into the monoalkali salts and alkali hydroxide : 


ONa-C,H,C(:C,H,:0)*CH,-CRR,-CH,-CO,Na—"°y 
HO-C,H,: CCC, H, 0): ‘CH, ‘CRR, CH, -CO,Na + NaOH. 
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The liberated alkali then brings about hydration at the quinonoid 
linking, the carbinol derivatives being formed. The red quinonoid 
forms, however, are more stable in very dilute solution. 

The carbinol derivative of phenolglutarein, 

(HO-C,H,).C(OH)-CH,*CH,°CH,°CO,H, 

has been isolated as a colourless, crystalline substance. It is 
stable under ordinary conditions, but is converted into the lactone 
by the action of heat or dehydrating agents, such as concentrated 
hydrochloric or sulphuric acid, anhydrous zine or aluminium 
chloride, and stannic chloride. The carbinol derivative of phenol- 
6-methylglutarein is very unstable and, although capable of isol- 
ation, passes into the lactone in the course of a few minutes. No 
carbinol derivative could be isolated from any of the remaining 
phenol-succineins or -glutareins. 

The rate of hydration of the phenolglutareins under the influence 
of alkali, the end-point being where the red solution became colour. 
less, was, under exactly similar conditions, slowest in the case of 
phenolglutarein, and progressively increased with the complexity 
of the substituents in the glutaric acid residue. 

From the table (p. 1139) showing the relative rates of hydration 
of the various phenolglutareins in different concentrations of alkali, 
it will be seen that in dilute solution the rate is almost unaffected 
by the concentration of the alkali, thus proving that the change 
is a unimolecular one. The hydration of the phenolsuccineins was 
so slow and irregular that trustworthy measurements could not be 
made. 

Stannic chloride is the only agent that has been found to bring 
about the condensation of phenol with succinic and glutaric acids 
and their substituted derivatives in the desired direction and in a 
satisfactory manner; with fused zinc chloride and with hydrogen 
chloride, the yields obtained are practically valueless. Strong 
sulphuric acid and phosphorus oxychloride produce the diphenyl 
esters of these acids, and anhydrous aluminium chloride produces 
complex pyrone derivatives which are probably similar in constitution 
to o-phenolphthalein anhydride. 


EXPERIMENTAL. 


Phenolsuccinein.—The preparation of this compound is attended 
with difficulty on account of the ease with which it becomes hydrated 
to the carbinol derivative and subsequently further decomposed 
into simpler substances. Dilute alkalis effect this change very 
quickly; even long contact with water, dilute alcohol, or dilute 
acids brings about the same transformation. The effect is quickened 
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by heating. But once the compound has been isolated and dried, 
the rate of hydration becomes very much slower. After a trial 
of various methods the following was adopted for the preparation 
of this compound : 

A mixture of 12 g. of succinic acid, 25 g. of phenol, and 13 c.c. 
of stannic chloride was heated on the steam-bath for 4 hours, the 
melt treated with pure dry ether, and the insoluble salmon-coloured 
crystalline compound filtered off and washed with absolute alcohol- 
ligroin (1:3 by vol.). The almost colourless residue, containing 
tin salts, was dissolved in cold absolute alcohol, dry hydrogen 
sulphide passed through the solution, the excess of the gas removed 
by carbon dioxide, and the filtered solution concentrated in a 
vacuum at the ordinary temperature; addition of light petroleum 
then precipitated phenolsuccinein in colourless needles. This 
compound and the succeeding ones are described in the tables. 

Phenol-as-dimethylsuccinein.—A mixture of as-dimethylsuccinic 
acid (1 mol.), phenol (2 mols. plus 20° excess), and stannic chloride 
(1 mol. plus 20° excess) was heated on the steam-bath for 4 hours, 
the melt poured into water, and the excess of phenol distilled in 
steam; the condensation product solidified, on cooling, to a mass 
of crystals in a matrix of brittle, dark brown, resinous matter. 
The latter was removed by washing the finely-powdered product 
with absolute alcohol-ligroin (b. p. 70—80°); the almost colourless 
crystalline residue recrystallised from alcohol (animal charcoal) in 
long, colourless, silky needles. 

Phenolsuccineins were obtained from as-methylethyl-, as-diethyl-, 
and as-cyclohexane-succinic acids by exactly similar methods. 

Phenolglutarein.—The rapid hydration of this compound and 
subsequent decomposition into simpler substances make its prepar- 
ation exceedingly difficult. 

The lactone form was obtained from a mixture of glutaric acid 
(13 g.), phenol (25 g.), and stannic chloride (13 c.c.) by the method 
for preparing phenolsuccinein. It crystallised from absolute 
alcohol-ligroin in colourless, silky needles. 

Quinonoid form. The ethereal filtrate in the preceding prepar- 
ation was shaken with concentrated hydrochloric acid to remove 
tin salts,. the ether distilled off, and the residue, after addition of 
an equal volume of 50° sulphuric acid, distilled in steam until 
phenol ceased to pass over. The red, sticky substance in the 
distilling flask was extracted with ether, the ethereal solution dried, 
diluted with ligroin, and allowed to evaporate at the ordinary 
temperature. After a month, the gummy residue had partly 
solidified, with separation of small crystals. These were spread 


1136 DUTT: RING-CHAIN TAUTOMERISM. 


on a porous plate, washed free from the sticky mother-liquor with 
absolute alcohol-ligroin (1:4 by vol.), and recrystallised from 
ether; glistening, red prisms were thus obtained which, on heating, 
decomposed without melting. The substance changed into the 
colourless lactone form after contact with concentrated hydro. 
chloric acid for several days or when its solution in concentrated 
sulphuric acid was poured into ice-cold water (Found: C, 71-5; 
H, 5-8. ©,,H,,0, requires C, 71-3; H, 5-7%). 

Carbinol form. The sticky mother-liquor was extracted from the 
porous plate by sodium carbonate solution, in which it dissolved 
with a bluish-red colour, but the solution soon became colourless, 
On acidification, a colourless solid was precipitated which crystallised 
from dilute alcohol in glistening, white needles, m. p. 220° (Found: 
C, 67-3; H, 5-8. C,,H,,0; requires C, 67-5; H, 5-9%). 

The carbinol can also be prepared by dissolving the quinonoid 
or the lactone form in aqueous sodium carbonate or hydroxide 
and, after the dark red colour has disappeared, acidifying the 
solution with hydrochloric acid. An alkaline solution of the 
carbinol quickly decomposes in contact with air; from the pro- 
ducts of decomposition phenol and p-hydroxybenzoic acid have 
been isolated. 

Phenol-8-methylglutarein.—Only the lactone form of this com- 
pound was obtained by the method for preparing phenolglutarein. 
The carbinol derivative was obtained by keeping a solution of the 
lactone in dilute aqueous sodium hydroxide until the pink colour 
had disappeared, and then acidifying with dilute hydrochloric 
acid, filtering off the precipitated lactone, and extracting the 
filtrate with ether; on rapidly evaporating the ether in a current 
of air, the carbinol was obtained as a colourless, crystalline sub- 
stance which in the course of about 15 minutes changed completely 
into the lactone. Immediately after isolation, it dissolves in 
aqueous sodium hydroxide, forming a colourless solution, but in a 
few minutes this begins to exhibit the red colour of the quinonoid 
form. Under no conditions could the carbinol be obtained in a 
stable form. 

Phenol-£8-dimethylglutarein.—A mixture of 16 g. of 68-dimethyl- 
glutaric acid, 25 g. of phenol, and 13 c.c. of stannic chloride was 
heated on the steam-bath for about 4 hours; after cooling, the dark 
red melt was dissolved in moist ether. The ethereal solution was 
thoroughly washed with ice-cold dilute hydrochloric acid, water, 
and sodium bicarbonate solution, and then shaken with a saturated 
solution of sodium carbonate for 3 hours. The aqueous layer was 
separated, acidified with hydrochloric acid, and distilled in steam 
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to remove phenol. The yellow, sticky residue was extracted 
with ether, the ether evaporated, and the residue thus obtained 
was acetylated by boiling with twice its volume of acetic anhydride 
and a few drops of pyridine. The excess of anhydride was decom- 

ed with water, and the viscous acetyl derivative dissolved in 
ether. The ethereal solution was repeatedly extracted with a 
5% solution of sodium hydroxide until the extract was no longer 
pink. The ether was then evaporated, and the residual acetyl 
derivative hydrolysed by dissolving it in concentrated sulphuric 
acid and pouring the solution on to ice. The lactone was pre- 
cipitated in pinkish-white flocks, which were filtered off, washed 
with water, dissolved in ether, the ethereal solution shaken with 
sodium bicarbonate solution, decolorised with animal charcoal, 
dried, and then allowed to evaporate at the ordinary temper- 
ature. Large, white, cubical crystals were obtained which were 
freed from the adhering sticky matter by washing with absolute 
alcohol-ligroin and then recrystallised from ether or dilute alcohol ; 
large, transparent, silky prisms were thus obtained (yield about 
13 g.). 

Phenolglutareins were obtained from 28-methylethyl-, 28-diethyl.-, 
and $-cyclohexane-glutaric acids in similar ways to the above. 

Decomposition of Phenolglutarein by Alkali.—Phenolglutarein 
(5 g.) was dissolved in 200 c.c. of 10°% sodium hydroxide solution, 
and the mixture heated under reflux for about 3 hours. The 
solution was diluted with water, acidified with hydrochloric acid, 
and distilled in steam until phenol ceased to pass over. The 
residual liquid, after cooling, was extracted with ether, and from 
the ethereal extract 0-7 g. of p-hydroxybenzoic acid, m. p. 213°, 
was obtained. 

The steam distillate, which had an acid reaction, was neutralised 
with sodium carbonate and extracted with ether. After the 
evaporation of the ether, a small quantity of a liquid smelling 
strongly of phenol was obtained which gave all the reactions of 
this substance. The aqueous mother-liquor, on evaporation to 
dryness, yielded about 1 g. of a solid which was qualitatively 
shown to be a mixture of sodium butyrate with smaller quantities 
of sodium acetate and succinate. 

Phenolsuccinein, on treatment with sodium hydroxide, behaved 
in an exactly similar manner. Substituted phenol-succineins and 
-glutareins do not yield p-hydroxybenzoic acid on treatment with 
alkali but decompose into phenol and aliphatic acids in the manner 
described in J., 1924, 125, 2529, for the corresponding resorcinol 
derivatives. 
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The decomposition of phenolglutarein by alkali may be represented 


as follows : 
HOON (Yo HOON (Yon 
%\ 


/\ON/ oe 
(II; RR,=HH) —> a > cH, “OH 

ou, CO,H CH, OO 

\ch, \cH 


—> C,H;:OH + (p)OH-C,H,-CO,H + CH,:CH,CH,*CO,H. 


The succineins and glutareins are fairly easily soluble in alcohol, 
acetone, acetic acid, or benzene and insoluble in water or ligroin. 
@ is the absorption maximum (wave-lengths) for dilute aqueous 
solutions. 


Phenolsuccineins. 


a(2 a(20 Analysis 
Colour mols. mols. (calc. % in 
Appearance. M.p. inalkali. KOH). KOH). brackets). 


Phenol- Colourless 252° Deep 5350 5450 C, 71-3(71-1); 
prisms. bluish- H, 5:5 (5-2). 
pink. 

Phenoldi- ‘i 225 Light 5220 5280 C, 72-2 (72-5); 
methyl- pink. H, 6-3 (6-0). 
Phenol- Colourless 192 ne 5210 5280 C, 73-4 (73-1); 
methyl- silky H, 6-5 (6-4). 

ethyl- needles. . 
Phenoldi- a 260 a 5170 5200 C, 73-3 (73-6); 
ethyl- H, 6-9 (6-7). 
Phenolcyclo- Colourless 257 Pm 5070 = 5100 C, 74-1 (74-3); 
hexane- glistening H, 6:9 (6-8). 
leaflets. 
Phenolglutareins. 
Phenol- Colourless 145—147 Deep 5510 =5540 CC, 71-5 (71-8); 
needles. bluish- H, 5-9 (5-6). 
pink. 

Phenol- » 249 mn 5470 5490 C, 72-2 (72-5); 
methyl- H, 6-3 (6-0) 
Phenoldi- - 185 Reddish- 5420 65450 C, 72-8 (73-1); 
methy!l- pink. H, 6-7 (6-4) 
Phenol- i 164—165 o 5420 5450 C, 73-5 (73-6); 
methyl- H, 6-6 (6-7) 

ethyl- 

Phenoldi- is 181 - 5380 5410 C, 74-4 (74-1); 
ethyl- H, 7-3 (7-0) 
Phenolcyclo- 135 ~ 5210 5310 C, 74-6 (74:8); 
hexane- H, 7:3 (7-1) 
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Rate of Transformation of the Lactonoid Phenolglutareins into the 
corresponding Carbinol Derivatives by the Action of Alkali.—1 C.c. 
of an V/100-alcoholic solution of the phenolglutarein was added 
to 10 c.c. of aqueous potassium hydroxide of definite strength, and 
the time (seconds) required for the disappearance of the red colour 
thus produced was noted. The experiments were conducted at 
about 22° under even conditions of illumination. The results were 


as follows : 
Strength of potassium hydroxide solution. 


Glutarein. oN. N. N/2. N/10. — N (100. N /200. N /500. N/1000. 


Phenol- 485 423 422 422 422 422 Long Very long 
time. time. 

Phenol- 465 412 409 409 409 405 405 ns 9s 

methy!]- 

Phenoldi- 440 405 405 405 405 405 405 ~ 

methyl- 

Phenol- 430 405 401 400 400 400 400 ‘s = 

methyl- 

ethyl- 

Phenol- 235 168 132 188 105 105 134 192 Long time 

diethyl- 

Phenolcyclo- 70 67 57 49 39 48 59 235 7 

hexane- 
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CXLVIII.—Synthesis in the Thianthren Series. 
Part II. 


By Monmonan SEN and JNANENDRA Natu RAy. 


Tur method described in Part I (J., 1921, 119, 1959) has been 
applied in the synthesis of other thianthren derivatives. The 
reaction is apparently a general one, but difficulties are encountered 
in purifying the product. T'etramethylthianthren (I) has been 
obtained.in the crystalline form and characterised by the preparation 
of its disulphone. 
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From guaiacol, dimethoxydihydroxythianthren disulphide (11) was 
obtained, the crystalline yellow sodium salt of which is sparingly 
soluble in water. The similar disulphide previously isolated (loc, 
cit.) was very unstable. The remarkable stability of the present 
compound may possibly be due to its acquiring a p-quinonoid 
constitution (III); the sodium salt forms an orange solution in 
water. 

In view of the use of thioaniline in the dye industry, it appeared 
that diaminothianthren might be a valuable intermediate, and 
some azo-compounds derived from this base have been prepared. 


EXPERIMENTAL. 


1:4:5:8-Tetramethylthianthren (I)—When dry aluminium- 
mercury couple (from 0-3 g. of aluminium foil) was added to a 
mixture of p-xylene (6 c.c.) and sulphur monochloride (4 c.c.), the 
reaction became vigorous in a few minutes and hydrogen chloride 
was copiously evolved. The mass soon solidified almost completely 
and carbon disulphide (8 c.c.) was then introduced and the mixture 
kept at 40° during an hour. The solvent was decanted, the product 
decomposed with ice, and the colourless precipitate washed success- 
ively with yellow ammonium sulphide, aqueous sodium sulphite, 
and water, dried, and crystallised from boiling nitrobenzene. The 
crystals were extracted with boiling carbon disulphide, and dis- 
solved in nitrobenzene, the last trace of sulphur being then removed 
by treatment with copper powder. The filtrate from the copper 
sulphide deposited the pure substance in colourless needles, m. p. 
242° (Found: S, 23:1; C, 70-6; H, 5-8. C,,H,,S, requires §, 
23-5; C, 70-5; H, 5:8%). 

The substance exhibits the normal behaviour of thianthren and 
dissolves in concentrated sulphuric acid to a green solution which 
is decolorised on dilution with water, the original compound being 
precipitated. 

The disulphone was obtained by repeatedly evaporating the 
thianthren with an excess of nitric acid (d 1-4) on the steam-bath. 
The product was precipitated with water, washed, and crystallised 
from glacial acetic acid, separating in needles, which did not melt 
below 290° (Found: S, 18-7. C,,H,,0,S, requires S, 19-0°%). 

3: 7-Dimethoxy-2 : 6-dihydroxythianthren Disulphide.—To a solu- 
tion of 6-2 g. of guaiacol in 10 c.c. of carbon disulphide, 4 c.c. of 
sulphur monochloride, dissolved in 10 c.c. of the same solvent, 
were added and the amalgam prepared from 0:4 g. of aluminium 
was quickly introduced. The solution became deep green and a 
vigorous reaction ensued. After being kept at room temperature 
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for an hour, the mixture was warmed at 40° for some time, the 
carbon disulphide evaporated off, and the residue treated with 
water. The red oil thus obtained was dissolved in alkali. The 
filtered solution slowly deposited glistening, yellow leaflets. These 
were filtered off, dissolved in water, and the thianthren derivative 
precipitated by carbon dioxide. The yellow solid thus obtained 
crystallised from boiling alcohol in yellow, silky scales, m. p. 202° 
(Found: 8, 33-9. C,,H,.0,8, requires 8, 34-49%). The yield was 
or. 

the substance was easily acetylated by boiling with an excess 
of acetic anhydride and a few drops of pyridine. The diacetyl 
derivative crystallised from alcohol in needles, m. p. 165° (Found : 
§, 27:7; C, 47-5; H, 3-6. C,,H,,0,S, requires 8, 28-0; C, 47-3; 
H, 35%). 

Azo-compound from Diazotised Diaminothianthren and 8-Naphthol. 
—A solution of 2 g. of diaminothianthren (loc. cit., p. 1964) in 
200 c.c. of water and 1 c.c. of concentrated hydrochloric acid was 
treated at 0° with 0-44 g. of sodium nitrite and thereafter with 
an alkaline solution of 0-9 g. of 8-naphthol. The solid precipitated 
on acidification was crystallised from boiling benzene (Found : 
N, 10-6. C,,H,,0,N,8, requires N, 10:1%). The deep red dye 
produced a dull shade on unmordanted cotton. 

Tetrazo-compound from Diaminothianthren and Resorcinol.—Di- 
aminothianthren hydrochloride (2 g.) was diazotised and then 
coupled with 0-17 g. of resorcinol in alkaline solution. The dye 
obtained on acidification could not be crystallised, and therefore 
it was purified by precipitation from an alkaline solution. The 
reddish-brown product did not melt below 250° (Found: N, 11-4. 
C4H,,0,N,8, requires N, 11-5%). 

Thianthren-2 : 6-bisdiazoaminobenzene-4'-sulphonic Acid, 


S0,H-C,HyNH-N:N-C,H,<e>C,H,-N:N-NH-C,H,SO,H. 


—A solution of 1-1 g. of sulphanilic acid in water containing sodium 
hydroxide was diluted to 200 c.c., made faintly acid, and slowly 
treated with a diazotised solution of 2 g. of diaminothianthren. 
The mixture was filtered after a time, and the filtrate made alkaline 
and then acidified with acetic acid. The reddish-brown dye thus 
precipitated was dried (Found: N, 12-8. C,,H,,0,N,S, requires 
N, 13-6%). , 

Thianthren derivatives were obtained by the general method 
in the following cases, but the products could not be isolated free 
from sulphur: bromobenzene, p-chlorophenol, p-cresol, quinol 
dimethyl ether, p-tolyl methyl] ether, and resorcinol dimethyl ether. 
The case of bromobenzene is interesting, because, unlike that in 
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iodobenzene (loc. cit.), the halogen atom is not displaced in the 
reaction. 


We wish to thank Dr. A. F. Titley of Oxford for a gift of pure 
p-xylene. 


COLLEGE OF SCIENCE, CALCUTTA. 
THE UNIVERSITY, MANCHESTER. [Received, September 3rd, 1925.] 


CXLIX.—The Hydrates of Chromic Nitrate. 


By James Rippick ParTINGTON and SripNEY KEENLYSIDE 
TWEEDY. 


In the course of investigations on chromium salts, it was necessary 
to prepare crystals of chromium nitrate. Chromic hydroxide, 
precipitated from cold, saturated chrome alum solution, and washed 
with hot water, was dissolved in the least possible quantity of cold 
nitric acid (about 4N; compare Loewel, J. Pharm. Chim., 1845, 
7, 321, 401). The dark green dichroic solution thus obtained was 
allowed to crystallise in an open dish; after a few days it turned 
violet, and was then transferred to a stoppered bottle. Some 
three months later, it had deposited reddish-violet crystals and 
reverted to its original green colour. The crystals were not de- 
liquescent and appeared through the microscope to be octahedral. 
After drying between filter-paper, they gave Cr, 11-2, 11-15; N, 9-0, 
9-0°% (determined by reduction with Devarda’s alloy; very low 
results are obtained if the reaction is not allowed to finish in the 
cold after the initial warming necessary to start it) [Cr(NO,),,12$H,O 
requires Cr, 11:2; N, 9-1%]. Large crystals were also grown. 
The ‘‘normal” chromic nitrate described in text-books (e.g., 
Roscoe and Schorlemmer, 1923, vol. ii, p. 1084) forms deliquescent 
rhombohedra, Cr(NO,),,9H,O. By allowing a solution of chromic 
hydroxide in dilute nitric acid to evaporate spontaneously, Halse 
(Chem.-Zig., 1912, 36, 962) obtained from a violet solution crystals 
of a hydrate, Cr(NO,),,7$H,O, m. p. about 100°, which he con- 
sidered to be identical with a brown, crystalline hydrate obtained 
by Jovitschitsch (Monatsh., 1912, 33, 9), who heated ignited chromic 
anhydride with nitric acid (d 1-4) in a sealed tube for 14 hours at 
160°. It seems, however, that the crystals obtained by Halse are 
identical with those obtained by us and contain 12$H,O. Our 
crystals turned black (viewed by reflected light) at 95° and melted 
to a dark green liquid at 104—105°. Halse remarks that these. 
crystals, since they are formed by the action of an acid on a hydr- 
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oxide, should be considered as the “‘ normal” form of chromium 
nitrate in preference to the nonahydrate, which is only obtained 
under special conditions. 

On one occasion, in a repetition of Halse’s experiment, the liquid 
evaporated to a dark green syrup which retained its colour both 
on boiling and on dilution. Attempts were made to precipitate 
the green form of chromic nitrate from the syrup. Anhydrous 
ether and ether mixed with nitric acid were ineffectual, but addition 
of excess of absolute alcohol threw out a light green precipitate 
which, after drying between filter-paper, had a m. p. about 74°. 
No precipitation occurred on the addition of 96% alcohol. A 
quantity of the substance is being prepared with a view to future 
investigation. 

We repeated Jovitschitsch’s preparation with pure chromic 
anhydride prepared by the action of sulphuric acid on potassium 
dichromate (Traube, Annalen, 1848, 66, 165) and purified by 
grinding with concentrated nitric acid, draining and heating at 
80° in a current of dry air. The bomb tubes used in the prepar- 
ation of the nitrate are very liable to burst during the heating. 
On only one occasion a brown solution was obtained which deposited 
brown crystals on keeping in a vacuum desiccator over potassium 
hydroxide. On all other occasions, the ordinary blue-violet dichroic 
solution of chromic nitrate was obtained, which yielded crystals of 
the nonahydrate. The factors controlling the production of the 
brown solution were not discovered. The brown crystals gave a 
brownish-green dichroic aqueous solution; the filtrate obtained 
after precipitating with ammonia was pale yellow, indicating that 
asmall portion of the chromium is present in the crystals as chromate 
(Found: Cr, 13-3. Calc. for Cr(NO,)3,7$H,O: Cr, 13-9%]. No 
crystals were available for checking this figure, or for determining 
the nitrogen. 

Jovitschitsch remarks that the brown crystals on drying over 
potassium hydroxide and even over calcium chloride lose both 
nitric acid and water; later, he says that, after 5 days over calcium 
chloride, Cr(NO,),,44H,O is formed. We kept 0-2522 g. of the 
crystals over sodium hydroxide; after 4 days they turned a dull 
violet and weighed 0-2222 g., this weight remaining constant for 
12 days [Found: Cr, 15-1; N, 12-35. Calc. for Cr(NO,)3,43H,O : 
Cr, 16-3; N, 13-1%].* None of these figures is to be regarded as 
final. 

The viscosities, 7, of solutions of the nonahydrate of chromium 
nitrate (Kahlbaum’s pure; see below) were determined by the 

* Dr. A. D. Mitchell has pointed out to us that the values found are very 
nearly those required for Cr(NO,);,6H,O. 
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comparative flow method at 18° and 25°. The modified Ostwald 
viscosimeter described by Martin was used (Bull. Soc. chim. Belg, 
1925, 34, 81); we have found this instrument to give very con. 
sistent results. The viscosimeter was standardised with freshly. 
prepared conductivity water obtained from a Bousfield still and 
stored in a Pyrex flask; water similarly prepared was used for 
making the solutions. Each viscosity ratio represents at least a 
dozen consecutive identical time readings or else the mean of a 
dozen or more readings the extreme variation of which is 0-5 second, 
The time of flow for water was 31-5 seconds at 25° and 36-5 seconds 
at 18°. w is the weight of anhydrous salt in 100 g. of water. 


Temperature 18°. Temperature 25°. 

a en ’ meine” 

w. 7/9420: up w. 7/nHs0- 1 
29-11 1-8219 0-01948 25-37 1-6428 0-01498 
26-58 1-7055 0-01823 18-58 1-4048 0-01281 
23-62 1-5616 0-01669 12-61 1-2302 0-01122 
19-73 1-4247 0-01523 10-98 1-1984 0-01093 
15-07 1-2841 0-01373 8-99 1-1508 0-01050 
9-56 1-1422 0-01221 6-05 1-1032 0-01006 
7-16 1-0960 0-01172 5-93 1-0952 0-00999 
4-99 1-0582 0-01131 3°58 1-0556 0-00963 
3°55 1-0308 0-01102 3°18 1-0476 0-00953 
1-91 1-0238 0-00934 


Measurements at higher dilutions are unsatisfactory with the method used. 


The figures given in the third and sixth columns represent the 
‘ absolute viscosities, obtained by multiplying »/ya,0 by 1,- 
Thorpe and Rodger (Phil. Trans., 1894, 185, 397) give 0-00891 
and 0-010563 dyne/cm.? at 25° and 18°, respectively, for yu; we 
have used the more recent values determined by Leroux (Ann. 
Physique, 1925, 4, 163), namely, 0-00912 and 0-01069 dyne/cm.’, 
the former figure being calculated on the assumption that the 
viscosity varies linearly with the temperature over the range 
23-2° to 26-4°, for which » = 0-00949 and 0-00883 dyne/cm.’, 
respectively. The above values for the viscosities of chromium 
nitrate solutions lie on smooth curves. 

Kahlbaum’s pure chromic nitrate crystals, Cr(NO,);,9H,0 
(Found: Cr, 13:0; N, 10-7. Calce.: Cr, 13:0; N, 10-59%), freed 
from adhering nitric acid by pressing between filter-paper, melted 
to a dark green liquid at 66—66-5°; there were no signs of fusion 
at the previously recorded m. p., 367° (Ordway, Amer. J. Sci., 
1850, 9, 30). The fused salt on cooling passed through an indefinite 
pasty stage extending from about 37° to 20°, and gradually changed 
in colour to a greyish-green. On continual stirring, the tem- 
perature rose to 30—33° and slow crystallisation set in. The 
crystals were violet. These temperatures are slightly different from 
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those recorded by Ordway, who found that the green liquid first 
deposited crystals at 24°, the temperature rising gradually to 34°. 
A crystal picked out of the green paste melted sharply at 66-5° 
and was evidently, therefore, a crystal of nonahydrate. Appar- 
ently no transition to a second hydrate takes place at the m. p. 

Chromic nitrate nonahydrate crystals may be readily prepared 
by dissolving violet chromic chloride in slightly more than the 
theoretical quantity of hot strong nitric acid and storing in a 
yacuum desiccator over sodium hydroxide. If excess of the 
chloride is used, the product contains small quantities (0-1%) of 
chlorine. No chromic chloride nitrate similar to that prepared 
by Schiff by dissolving basic chromic chloride in nitric acid (Annalen, 
1862, 124, 177) was obtained. 

An X-ray examination of chromium nitrate and other chromium 
salts is being undertaken, It is expected that information of 
importance for the theory of co-ordination will be obtained with 
the three isomeric hexahydrates of chromic chloride, all of which 
have been prepared. 


Summary. 


1. The solution obtained by dissolving chromic hydroxide in 
nitric acid yields crystals of Cr(NO,),,12}H,O, m. p. 104—105°, 
and not Cr(NO,).,73H,O, as previously described. 

2. The viscosities of some chromic nitrate solutions at 18° and 
25° are recorded. 

3. Chromic nitrate nonahydrate crystals melt at 66—66-5°, no 
transition to a second hydrate occurring at this temperature. 

4. Chromic nitrate nonahydrate crystals may be prepared by 
dissolving violet chromic chloride in hot nitric acid and allowing 
the solution to crystallise in a vacuum desiccator. 


In conclusion, one of the authors (S. K. T.) wishes to express his 
gratitude to the Advisory Council of the Department of Scientific 
and Industrial Research for a personal grant. 


East Lonpon COLLEGE, 
UnIversITY oF LONDON. [Received, February 18th, 1926.] 
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Hemoglobin. 


A LECTURE DELIVERED BEFORE THE CHEMICAL SOCIETY ON 
FEBRUARY lltuH, 1926. 


By JosrepH Barcrort, C.B.E., M.A., F.R.S. 


In making some remarks to-night about one of the subjects dearest 
to my heart, namely, hemoglobin, I wish to disabuse you at the 
outset from any idea that my primary object is to inform you— 
far otherwise—hzemoglobin is to me a query mark—an unanswered 
question—a Will-o’-the-wisp—something which one day you think 
you have grasped only to find the next that its real essence has 
eluded you. You recollect what Thackeray said about George IV: 
“To make a portrait of him at first seemed a matter of small diff- 
culty. There is his coat, his star, his wig, his countenance simper- 
ing under it: with a slate and a piece of chalk I could at this very 
desk perform a recognisable likeness of him. And yet after reading 
of him in scores of volumes, and hunting him through old magazines 
and newspapers, having him here at a ball, there at a public dinner, 
there at races and so forth, you find you have nothing—nothing but 
a coat and wig and a mask smiling below it—nothing but a great 
simulacrum. . . . I look through all his life and find but a bow and 
a grin—I try and take him to pieces, and find silk stockings, padding 
stays, a coat with frogs and a fur collar, a star and a ribbon, a 
pocket handkerchief prodigiously scented, one of Truefitt’s best 
nutty-brown wigs reeking with oil, a set of teeth and a huge black 
smock under-waistcoat, more under-waistcoats and under that 
nothing.”” And so in my more despondent moments it seems to 
be with hemoglobin. Its colour fascinates you, you crystallise it 
only to find that it crystallises in innumerable forms, you deter- 
mine its osmotic pressure to find that may be anything, you redis- 
solve the crystals to find that the material has altered as the result 
of crystallisation. Is the attempt to pursue hemoglobin worth 
while? Well, gentlemen, at the end of this lecture you may answer 
that question as you will. For my part it is just here that the 
analogy with “ The first gentleman in Europe” breaks down, for 
you must remember that Thackeray went on: “I own I once used 
to think it would be good sport to pursue him, fasten on him, pull 
him down. But now I am ashamed to mount and lay good dogs on 
to summon a full field and then to hunt the poor game.” Hemo- 
globin never can appear poor game to the biologist, for the life of the 
warm-blooded animal—yours and miné—depends upon its existence, 
there is no other substance which is capable of transporting oxygen 
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in just the same amount and in just the same way. How nature 
discovered the pieces from which to effect the synthesis must ever 
be a fascinating subject of inquiry to the biologist—and to find 
out what those pieces are and in what way the synthesis has been 
effected he must digress from his own proper sphere into that of 
chemistry. Yet as ribbons, wigs, and stars go, those of George IV 
were probably more interesting than most, and if I at once disclaim 
the objects of telling what hemoglobin really is, and make it clear 
that I am merely trying to pass an hour by discussing some of its 
more superficial properties, it may be that you will find these a 
little interesting, even if you regard the methods of the biologist as 
being at one time crude and at another clumsy, and his present- 
ation of a chemical problem naive and amateurish. 


I. 


The time-honoured conception of hemoglobin was that it con- 
sisted of two moieties united in some unknown way. These were 
called hematin and globin, the latter being a protein, the former a 
substance containing iron. It was supposed further that these 
could be broken the one from the other by acid or alkali. Within 
the last two years the position as put forward above has been gone 
into in considerably greater detail. Let us start with hemoglobin 
and work backwards. If in the presence of a reducing agent 
hemoglobin be made alkaline, a substance, hemochromogen, is 
formed with a characteristic spectrum, which possesses a band of 
great density in the region of 4560. This substance was assumed 
to be hematin, in the reduced form and in alkaline solution. That 
is to say, it was assumed to be protein-free. This conception appears 
to be incorrect, for we can obtain hemochromogen, not analytically, 
but synthetically, the best starting point being a substance called 
hemin. 

Hemin is made by adding glacial acetic acid to dried blood in 
the presence of sodium chloride and is a well-defined crystalline 
substance to which the formula C,,H,,0,(?)N,Fe,HCl was given 
by Hoppe-Seyler. From it, in the presence of a reducing agent, the 
base hem, C,,H,,0,N,Fe(?), may be liberated by the addition of 
sodium hydroxide. According to the old conception, this base 
should have been hemochromogen, but it is not so, having a quite 
different and ill-defined spectrum. One further step is necessary 
to produce hemochromogen, namely, the addition of globin to 
the hem. Therefore we obtain the following scheme (Scheme 1). 

The conception put forward above opened up an entirely new field 
for discovery, in which three principal facts may be emphasised. 


First, that globin is only one of a great many substances which 
RR 
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will perform the same function, thus forming a whole group 
of hemochromogens. Nicotine, pyridine, hydrazine, ammonia, 


PO 55: 7 
HRMIN*NaOH Sem + GLOBIN < HEMOCHROMOGEN 


RYPUCEND LXICOISED 


Hminxz | 


Scueme I, 


albumin, etc., all perform the same réle, that is, when added to hem, 
which has a comparatively indistinct spectrum, they yield substances 
producing spectra with the typical characteristics of that of hemo. 
chromogen, and it must be remembered that the spectrum of 
hemochromogen is the most typical and best defined of all blood 
spectra. We therefore may now extend our scheme as follows: 


“P2STPIXO 
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Hemin + NaOH < 


Hem -+ Ammonia => NH, Hemochromogen 
+ Glycocoll == G. i 
+ Hydrazine — H. me 
+ Pyridine =~ P. fe 
+ Nicotine ==N. om 
+ Albumin =A. i 
-t- Globin i G. ” 
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Secondly, whilst all these substances yield hemochromogens with 
spectra of the same type, there are appreciable differences between 
the actual spectra of the different members of the family; in one 
the bands will be a little towards the red, in another a little towards 
the blue—but so little that casual observation would not show the 
difference. 

Thirdly, all these hemochromogens seem to be kept in statu quo 
as the result of balanced action, and here it may be noted that for 
the production of most of them a great preponderance of the com- 
ponents is necessary. The globin hemochromogen stands nearly 
but not quite alone in so far as the action is almost complete. 

The globin compound has as well other distinctive properties; 
it is one of the few hemochromogens which are soluble in a high 
degree, and, but chiefly, the globin compound stands alone, in 
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that it and it only can form a hemoglobin. Anson and Mirsky, by 
regulation of the hydrogen-ion concentration, obtained hemoglobin 
from globin hemochromogen. Robin Hill has been at great pains 
to obtain the analogues from other hemochromogens, but without 


success. 
The final scheme (Scheme ITI) then is : 


Oxyhezmoglobin. 

A| 9 

Hemin Hematin é 

4+ NaOH. N ee ee te ee eee 
Hem + NH, == NH, Hemochromogen 


+ Hydrazine = = Hydrazine H’CR 


+ Glycocoll == Glycocoll H’CR Fy 

+ Pyridine == Pyridine H’CR = 

+ Nicotine == Nicotine H’CR i 

+ Albumin == Albumin H’CR y 

+ Globin == Globin H’CR == Hemo- 
globin. 


ScHEME III. 


II. Cytochrome. 


It is not possible to leave the subject of hemochromogen without 
making a digression for the purpose of discussing cytochrome. 
Here, as in the case of hemochromogen, let the name cytochrome 
stand for a spectrum, at all events until we can get something 
more concrete to which we may attach it. 

This spectrum was first described by McMunn,! but its true 
significance has only recently been brought to light by the work of 
Keilin,? who has kindly consented to demonstrate it to-night. 
It may be seen well in the wing-muscle of the bee, in the onion, 
in yeast, in aérobic bacteria, and, indeed, it may be regarded as of 
more or less universal occurrence in forms of life which have con- 
tracted the oxygen habit. In these there is reason to suppose that 
it acts as a catalyst, in contrast to hemoglobin, which acts as a 
carrier, but pervading both the animal and the vegetable king- 
dom; it is far more widely distributed than either hemoglobin or 
chlorophyll. Not only so, but cytochrome appears in forms of life 
than which none are more primitive. 

This spectrum has never been seen outside a cell; all attempts to 
extract the cytochrome have ended in changing the spectrum— 
moreover, it is only seen in the reduced condition—shake yeast with 
air, the spectrum disappears, to return on permitting the yeast to 
reduce itself—expose the wing-muscle of the bee to the atmosphere, 
the spectrum disappears, to return on the exclusion of oxygen by a 
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Superficially this spectrum presents the appearance of possessi 
four bands, which may be designated as a, b, c, and d; of these 
c is the most conspicuous (see Fig. 1). 

To say that this spectrum has four bands is only a partial state. 
ment of the facts, for the band d may be resolved into three over. 
lapping bands which I will call #, y, and z. Thus on any picture 
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which shows the relative absorption at different parts of the spectrum 
there are six summits. This is shown crudely in the figure. It 
must not be supposed that this figure is drawn from accurate spectro- 
photometric observations; the positions of maximum density only 
have been measured with care. So far as the relative densities of 
the various bands are concerned, the figure simply is a rough 


* Figs. 4, 7, 8,9, 10, 11, 12, and 13 are reproduced by permission from the 
Proceedings of the Royal Society, and Figs. 5 and 6 from the Journal of 
Physiology. 


Ba Menlria L 


BARCROFT : HAXMOGLOBIN. 1151 


representation of the impression one gets from the observation of 
varying concentrations of the material. 

To obtain a better understanding of the cytochrome spectrum, 
let us turn to alkaline extracts. An extract of yeast in potassium 
hydroxide gives a spectrum also with six summits, but which has 
only three bands, because those which correspond to b and c have 
become merged into a single band with two summits. The summits 
in the spectrum of the potassium hydroxide extract I will call ag, 
br, Cx, 2x, Yx, and xg, respectively, representing a, b, c, z, y, and x. 

If one goes further and makes an acetone extract, which is then 
made alkaline, only four summits appear ; they are bg, cx, yx, andxg, 
respectively, ag and zg being absent. If one goes still further and 
dries the yeast, makes an aqueous extract of the dry yeast, and 
renders that alkaline, two more bands, bg and yg, drop out and one 
is left with cg and xg only. And now we have something very 
familiar; it is none other than a typical hemochromogen spectrum. 
The simplest interpretation of the cytochrome spectrum is that it 
is a mixture of the spectra of three hemochromogens A, B, and C, 
of which A is responsible for bands a and z, B for bands 6 and y, 
and C for bands c and 2, and this interpretation is rendered the more 
likely by the fact that in different cytochromes the relative intensi- 
ties of the bands vary. But in this respect the bands are associated 
in pairs; thus a and z may be exaggerated, relatively to the rest, 
or b and y may be, but not a and y or say ¢ and z, or a or bore 
alone. 

Ill. Metallic Porphyrin Compounds. 

Some allusion should here be made to the work of Robin Hill,‘ 
who has investigated the compounds of various metals with por- 
phyrin. Porphyrin unites with a great number of metals—iron, 
nickel, cobalt, manganese, zinc, copper, silver, potassium and 
others. The compounds formed are all on the hem level, if I may 
put it that way, but of these, only three have the power of being 
readily oxidisable and reducible. These are the compounds of 
cobalt, iron, and manganese, t.e., the hematins as well as the hems 
of these metals can be obtained. 

It is remarkable and perhaps significant that, whilst none of these 
substances has any nitrogenous compound attached, they all, with 
one exception, have spectra which suggest hemochromogen rather 
than hem. The one exception is the iron compound, and, further, 
it is the only one to which nitrogenous compounds such as pyridine 
and globin will attach themselves and thus form true hemochrom- 
ogens. Not that the iron—porphyrin compound is precisely the same 
as hem, or that the derived hemochromogens are precisely the same 


as those formed from blood—the spectral bands are nearer the blue; 
R R* 
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presumably the original porphyrins are not the same as that in the 
hem obtained from blood. 


IV. Equilibrium Constants of Compounds of Hemoglobin with 
Oxygen and Carbon Monoxide. 


The curve which represents the equilibrium between oxygen and 
blood is, as was shown by Christian Bohr,5, S-shaped in character 
(Fig. 2, B). This contour adds greatly to the biological value of 
hemoglobin and for that reason it was an object of speculation to 
Bohr himself—as it has been to all his successors—as to what 
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the underlying significance of the inflexion might be. A simple 
equilibrium of the type 
[Hb] x [O,] == K [Hb0,] 


would, of course, be represented by a rectangular hyperbola. 

In 1911, Roberts and I ® found that a dialysed solution of hemo- 
globin of considerable purity yielded an equilibrium curve which 
approximated very much to the hyperbolic type, and we hazarded 
the view that if complete purity were obtained the curve would 
actually become a hyperbola (Fig. 2, H). This view met with a 
general, but as it seems a premature, acceptance; for, on later 
occasions with I think purer and certainly more concentrated 
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solutions, we failed to obtain the hyperbolic form, and at Harvard, 
Adolph and Ferry,’ with a very perfect technique of its kind, 
asserted that in no circumstances was the curve anything but 
S-shaped. I used the phrase “a very perfect technique ”—per- 
haps this phrase was wrong. I should have said a technique which 
more nearly reached our ideals. Our ideals were: a solution which 
contained the minimum of impurity and the maximum of hemo- 
globin. With regard to the latter point, of course the greater the 
concentration of hemoglobin the easier and more trustworthy 
becomes the gas analysis. 
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The conceptions put forward by Adair ®§ indicated the probability 
of our ideal being wrong. They suggested that the fundamental 
equilibrium curve was to be obtained from the investigation of 
solutions not stronger but more dilute than that used by Roberts 
and myself. The study of such solutions required an entirely new 
technique. The relative concentrations of hemoglobin and 
oxyhemoglobin in dilute solution can be determined only by some 
spectroscopic method, and even that is very difficult to do and can 
be done only for the middle portion of the curve. The pressures of 
oxygen involved are so small as to demand very exact and difficult 
analyses of the atmosphere to which the hemoglobin is exposed, 
if the equilibrium be struck at room temperature. On the other 


hand, if the equilibrium be struck at 35—40°, the gas analysis 
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becomes easy, but the hemoglobin becomes unstable. If we review 
these difficulties in order, we find that the spectroscopic analysis 
becomes easy when we study the analogous reaction : 


[Hb] + [CO] = K[HbCO]. 


The difficulties of gas analysis by ordinary methods are, how- 
ever, seemingly insuperable, for the pressures of carbon monoxide 
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involved are counted in thousandths of a millimetre. Fortunately, 
it has proved possible at 15° to work out a method—almost audacious 
in its simplicity—which has enabled us to avoid gas analysis and by 
a single spectroscopic measurement to estimate the concentrations 
of all the reacting substances in the above equation. This technique 
will be demonstrated by my colleague, Dr. Selig Hecht, of Harvard. 
With its aid we have succeeded in the last fortnight or so in obtain- 
ing the curve shown in Fig. 3. Between the limits of 0 and 25 
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thousandths of a millimetre pressure of carbon monoxide (above 
which limits the method has not so far proved accurate) the curve 
is nearly, though not quite, hyperbolic in form. 

It would seem that at last we are really within sight of the funda- 
mental curve and in a position to push forward and discover the 
effects on this curve of increasing the concentration of hemoglobin, 
of the salts, and of alterations in the concentration of hydrogen and 
hydroxyl ions in the solution. 

I need only remind you that the effect of increasing alteration of 
hydrogen-ion concentration is to reduce the affinity of oxygen (or 
carbon monoxide) for hemoglobin proportionately over the whole 


curve. 
Fia. 5. 


40 


x 
a ia 
“OF 
3 "on, 


%, * 
LO} Vi 
x x 
* “> +90325" "90336 "00347 
— sh (3¥ °C (25%) I$ 


The Temperature.—The same may be said of the effect of temper- 
ature. The curves in Fig. 4 show the equilibrium of oxygen and 
hemoglobin in blood at various temperatures. They are taken 
from a research by W. E. Brown and A. V. Hill.® 

Their work has been followed by that of Magela and Seliskar,!° 
who have determined the temperature coefficients of the hemoglobin, 
in dilute solution and under constant conditions of hydrogen-ion 
concentration, of several forms of life. It is remarkable, and again 
of great biological interest, that the hemoglobin of man has a 
temperature coefficient of about 5 for its equilibrium with oxygen 
(Fig. 5), and that of the frog has a temperature coefficient of only 
about 2-5 (Fig. 6). Whether human hemoglobin serves man better 
by having so high a temperature coefficient is difficult to say, but 
it would be quite unsuited to the needs of the frog. 
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V. The Velocity Coefficients of the Reactions of Hemoglobin with 
Oxygen and Carbon Monoxide. 
The sensitiveness of the equilibrium constant of the reactions 


Hb + O, == Hb0, 


to temperature, hydrogen-ion concentration, etc., naturally leads 
to the inquiry how are the velocity coefficients of the separate 
phases of the reaction affected by the conditions under which the 
reaction takes place. If, for instance, a rise of temperature tends to 
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dissociate oxygen from hemoglobin, is this because the velocity 
coefficient, &, of the reaction 


Hb + O, -» HbO, 
is increased or the velocity coefficient, k’, of the reaction 
Hb + 0, - HbO, 


is diminished, or are both velocities increased but in different pro- 
portions—the state of affairs which would seem most probable 
prima facie—or what? Before the war, A. V. Hill and I made a few 
experiments on this subject, but it was clear that our experimental 
methods were quite inadequate—our scheme in general depended 
on the bubbling of oxygen or nitrogen through hemoglobin solutions. 
The actual velocities of the chemical reactions which took place 
were of so high an order as compared with the rates at which the 
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gases passed into or out of the solution that the results which we 
obtained depended merely on the extent to which we were able to 
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Within the last four years the velocity coefficients of the various 
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phases of the reactions of hemoglobin with oxygen and with carbon 
monoxide have been studied by Hartridge and Roughton™ with 
what appears to me to be amazing success. Such a study, of course, 
demands the most meticulous consideration of detail, and if I treat 
their method in a very general way it is because the discussion of 
the details, once embarked upon, would occupy more than the whole 
time at my disposal. 

Let us commence, then, with the consideration of the reaction : 


Hb + 0, <— Hb0O,. 


To carry out our purpose, it is necessary that one or other of the 
substances produced, the hemoglobin or the oxygen, should be 
removed from the sphere of action as fast as it isformed. For this 
purpose, the procedure is briefly as follows. 

The apparatus (Fig. 7) is schematically in the shape of a Y made of 
tubing—along the limbs of the Y enter on one side a dilute solution 
of the oxide of hemoglobin, on the other water containing a concen- 
tration of sodium hyposulphite to absorb the oxygen, it being ascer- 
tained that the sodium hyposulphite does not reduce the oxide by 
double decomposition. At the junction of the tubes there is a 
mixing chamber, in which the mixing is so rapid and intimate as to 
be completed in a time which is negligible compared with the one- 
hundredth part of a second. The rate at which these fluids are 
driven through the apparatus is so great that the reaction in the lower 
limb of the Y may be followed with the eye. The fluid, which 
emerges red from the mixing chamber, is seen to become purple as 
it passes down the tube. ‘The degree of reduction may be estimated 
at any point along the tube by the reversion spectroscope, whilst the 
time taken for the process is calculated from the velocity of flow 
of the fluid along the tube, the fluid being in turbulent motion. 

In the world in which we now are, this reaction is relatively slow ; 
and, as Fig. 8 shows, it obeys the “rules of the game ” inasmuch 
as the curve obtained by plotting the logarithm of the concentra- 
tion of the oxyhemoglobin against the time is a straight line. 


The reaction : 
O,-+ Hb —> Hb0, 


presents much greater difficulties for two reasons. The first is 
the technical one that it takes place enormously faster, the second 
is the theoretical one that it has not proved practicable to remove 
the oxide as it is formed and therefore it is only when the first 
portions of oxide are forming that the reaction appears with its full 
velocity. However, just because the disruption of the oxide is slow 
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as compared with its formation, and because we know the velocity 
of the disruption, we can correct for it by a process of calculation. 

To determine the velocity of oxidation, solutions of hemoglobin 
and of oxygen in sufficient concentration to oxidise it are driven 
at such a velocity that they traverse the lower limbs of the Y at 
the rate of about 600 cm. per second, and over the first few centi- 
metres the chemical change may be seen with the eye, the hemo- 
globin turning from violet to red as the oxide forms. The measure- 
ments are made with the reversion spectroscope. The time, as 
before, is measured by the rate at which the fluid travels from point 
to point, and the degree of oxidation by spectroscopic examination 
of the fluid from point to point along the tube. 
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The actual result achieved in an experiment is illustrated by 
Fig. 9. Here you will see that one-quarter of the whole oxidation 
takes place in about two-thousandths of a second. To ascertain 
the figure with an accuracy of but 10% required a certainty of two 
ten-thousandths of a second in the estimation of the time. 

Having said so much about Hartridge and Roughton’s method, 
let me pass to the consideration of their results. Taking first the 
oxidation, its velocity coefficient possesses properties that are worth 
noting, the most remarkable of which is that temperature appears 
to have no effect upon it. Of course I mean temperature within 
rather narrow limits, for hemoglobin will not stand heating above 
about 45°. What the theoretical explanation of this phenomenon 
may be is a matter which I shall leave to you who know much 
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more about such things than [ do. It would be explained accord. 
ing to the authors on the assumption that all the molecules of oxygen 
which impinged upon the hemoglobin molecule—at whatever 
temperature—adhered to it. The second property, and one which 
is of great interest to physiologists, is that alteration of the hydrogen- 
ion concentration of the medium in which the hemoglobin is dis. 
solved is also without marked effect upon the velocity coefficient of 
the oxidation phase of the reaction. 

It follows, therefore, that the now well-known effects of hydrogen- 
ion concentration and temperature on the equilibrium constant must 
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be almost entirely the reflexion of the effects of these conditions 
on the reduction phase, and to this we shall now turn. 

Experiments on sheep’s hemoglobin indicate that the velocity 
coefficient of the reduction phase has a temperature coefficient of 
3-8 for an alteration of 10°, which, as a matter of fact, corresponds 
to that of the equilibrium constant of the reaction 


Hb + 0, => HbO,. 


The effect of hydrogen-ion concentration is restricted to a small 
region between px = 7:8 and about py = 5-5, i.e., within 1-2 on 
each side of the isoelectric point. Within this region the effect is 
very great and fully accounts for the properties which blood exhibits 
(Figs. 10 and 11). 
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To revert, however, to the original proposition of whether the value 
of the equilibrium constant as determined does or does not agree 
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Abscisse = py of solution. Ordinates = value of reduction velocity coefficient. 
Squares represent results obtained in experiment on one sample of blood. Circles 
represent results obtained in experiment on another sample of blood. 
with the quotient of the velocity coefficients, the following table, 
which summarises the results of four such comparisons, shows, I 
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think, as good an agreement as can be looked for from experiments 
of so high a degree of difficulty. 


The Comparison of K with k'/k. 
Value of K, 
Mean Mean Calculated Observed from 


No. of value value from dissociation 
Expt. pu. Temp. of k’. of k. K =k’ |k. curve. 
q. 7-7 17-5° 2875 17-5 164 218 
II. 7-2 18-9 2550 17°3 148 112 
ITT. 10-0 15-1 3145 4:5 700 730 
IV. 10-0 17:3 3540 8-1 438 336 


The values of k’, k, and K were subject individually to possible experimental 
errors of + 20%, +10%, and +15%, respectively. 


A parallel set of observations has been carried out on the velocity 
coefficient of the reactions 


Hb + CO —> HbCO and 
Hb + CO <— HbCO. 


Of these, the velocity coefficient of the association phase is of the 
same order as that of the corresponding reaction for hemoglobin 
and oxygen; but the velocity coefficient of this dissociation phase is 
of quite a different order from that of the reduction phase of oxy- 
hemoglobin. 


Being in possession of the values of k and k’ for the reactions 


Hb + 0, == HbO, 
Hb + CO — HbCO, 


respectively, we should be able to calculate the corresponding co- 
efficients for the reaction 


HbO, + CO == HbCO + O,, 
or, as it is more correctly written, 


HbO, —= Hb +0, 
Hb + CO == Hb00. 


But at this point a most interesting discrepancy has appeared. The 
hemoglobin appears to be much more reactive towards carbon 
monoxide if this gas is presented to it within about one-tenth of a 
second after the removal of the oxygen than it is subsequently. 
Whether, in that tenth of a second some tautomeric change takes 
place, or, if not, what the alternative may be, is still under 
investigation, so there we must leave the matter. 
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VI. The Importance of the Protein. 


Within recent years the point of interest with regard to hemoglobin 
has been shifting. Formerly, it was entirely centred upon the 
relation of the oxygen to the hematin, and this interest extended to 
the significance of the pyrrole group and the possible connexion with 
chlorophyll. Little progress has been made in this direction; the 
researches of Willstaétter more particularly have turned men’s minds 
rather away from the pyrrole group; on the other hand, the protein 
moiety of hemoglobin has in one way or another been steadily 
receiving more recognition. The points of importance with regard 
to the protein may be considered under two main groups, those which 
embrace the proportion of hemoglobin as an amphoteric electrolyte, 
and those which have to do with its specificity. 

(a) Hemoglobin as an Amphoteric Electrolyte—Hemoglobin acts 
as an acid in alkaline solution and as a base in acid solution. The 
former action has been studied in much greater detail than the latter. 
In strict parlance one should, I suppose, speak of heemoglobinic acid 
and of sodium or potassium hzemoglobinate—the latter being the 
form in which hemoglobin exists for the most part in human blood. 

This very important fact at once raises a number of points such 
as: 

(a) The number of dissociable sodium atoms for each atom of 
iron. 

(6) The strength of the acid. 

(y) Effect on the strength of the acid of oxidising the hemoglobin. 

(8) The repercussion of the above considerations on the system 
in which hemoglobin is found in the blood, which contains also 
sodium bicarbonate, sodium chloride, and carbonic acid. This 
system becomes complicated by the fact that the hemoglobin is in 
corpuscles, the envelopes of which appear to be relatively imper- 
meable to kations as compared with anions. This system is of 
paramount importance to the physiologist, but to the chemist it is 
so special a case that I shall pass very lightly over it. 

a. Very different views have been held as to the number of gram- 
atoms of sodium which could dissociate from 16,800 grams of 
hemoglobin (the weight which contains 56 grams of iron and unites 
with 32 grams of dissociable oxygen). The matter recently formed 
the subject of an exhaustive research by the workers in Dr. Van 
Slyke’s laboratory,2 who have come to the conclusion that the 
number was much higher than had formerly been supposed. Their 
estimate is 12. 

8 and y. Hemoglobin in the reduced form is a very weak acid. 
In the oxidised form it is, according to A. V. Hill, some seventy 
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times as strong, and is then of the same order of strength as sodium 
bicarbonate. 

8. It follows that when hemoglobin is oxidised in the presence of 
sodium bicarbonate the sodium becomes redistributed, the hemo- 
globin taking more, and therefore the amount of sodium bicarbonate 
decreases whilst the amount of free carbon dioxide increases. On 
the other hand, the addition to the system of carbon dioxide or any 
other acid will attract sodium from the hemoglobin and tend to 
release the oxygen, which has less affinity for the free acid than 
for the sodium hemoglobinate. 

The scheme put forward by Hill 1° to explain these facts is that 
hemoglobin may be regarded as 


(=) &) 


whilst oxyhemoglobin in the presence of sodium bicarbonate is 


»\-Na 0 


(b) Specificity —That the hemoglobins which are derived from 
different species of animals, and even from different members of 
the same species, differ may be shown in a numberof ways. That 
they differ in crystalline form has been known for a long time, and 
the crystallographic differences have formed the subject of a work, 
monumental in bulk, by Reichert and Brown.4 Moreover Land- 
steiner and Heidelberger,” in a very elegant research on the solu- 
bility of hemoglobin, have shown that the difference between one 
form and another is sufficiently great to render them more or less 
independently soluble. After a solution has been saturated with the 
hemoglobin of one animal, it is still capable of dissolving some at 
all events of the hemoglobin of another. 

Moreover the spectra are slightly different, the bands being shifted 
a little towards the red or towards the blue from one hemoglobin 
to another. This is true, not only of the bands of oxyhemoglobin, 
but also of carboxyhemoglobin. One band, known as the «-band, 
has been studied in some detail. In the case of human blood, when 
carbon monoxide is bubbled through a solution of xyhemoglobin 
this band moves 54 A.U. towards the blue. In the slang of the 
laboratory, we say the band has a “ span” of 54. A.U. Most forms 
of hemoglobin have a lesser span. Now let me put before you a 
remarkable and hitherto unexplained relationship, which at present 
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exists on quite an empirical basis. It merely has been “ observed 
to be so ’’ in the cases which have been tested. 

We may express the equilibrium point of the reaction which 
takes place when carbon monoxide is passed into oxyhemoglobin 
as follows :— 16 


K[HbO,] x [CO] = [HbCO][0,] 
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With different hemoglobins, K differs. Now let me show you the 
relation of K to the “span.” I do not wish to insist that the 
relation is in the strict sense linear. We may be on a very flat curve 
or near the point of inflexion of an S-shapedcurve. What I want to 
emphasise is that there is a relation. It would be simple to explain 
this relation on the hypothesis that there are a limited number of 
hemoglobins, say two, which in different animals are mixed together 
in different proportions. This simple explanation seems to be 
negatived by the fact that if the hemoglobin be crystallised and 
redissolved the solution presents the same properties as the original 
solution or as the fluid left above the crystals. 

On the other hand, no attempt to find any spectroscopic or other 
differences, either in the hems or the hemins derived from these 
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various hemoglobins, has been successful. In the present state of 
our knowledge one must attribute this very interesting specific 
feature to the globins. 


VII. Osmotic Pressure and Molecular Weight. 


And now I come to that part of the subject in which hemoglobin 
appears to be in its most illusive mood. The thing which we most 
want to know about it is perhaps its molecular weight, and in this 
audience the confession of ignorance on that point is a confession 
not untinged with shame. We know as a starting point that the 
least possible molecular weight—that which contains 56 grams of 
iron—would be somewhere about 16,700. If then we call the 
molecular weight (16,700),, what is the value of n ? 

We turn to some indirect method. What is to be said about 
the osmotic pressure? I may pass rather rapidly over the work 
of Hiifner and Gansser,!? who came to the conclusion that the 
osmotic pressure of a 1% solution of hemoglobin would be 10 mm. of 
mercury—a result which would give a value of n=1. By what 
happy accident Hiifner and Gansser arrived at this result is likely 
to remain a mystery. Weymouth Reid,!§ in a research which is too 
little quoted, concluded that 3 was the nearest whole number to 
his determinations of ». Roaf!® made the material but rather 
depressing discovery that » might appear to be almost anything— 
less than unity, for instance—according to the circumstances in 
which the measurements were made. It has remained for Adair *° 
to reduce to some sort of order the apparently chaotic readings which 
were found. The possibilities of adsorbed salts, of variable ionis- 
ation of the hydrogen or sodium ions, of membrane potentials, of 
polymerisation of the hemoglobin, of the onset of putrefaction, 
of the attainment of a true equilibrium, etc., all had to be taken into 
account. Take the last two considerations, the attainment of equili- 
brium and the avoidance of putrefactive changes. In ordinary 
circumstances it proved quite impossible to complete a measurement 
in which a satisfactory equilibrium was attained before the 
solution ceased to be above suspicion. This difficulty was 
overcome by working at 0-6°, at which temperature a hemo- 
globin solution remains good indefinitely. The time factor looms 
almost as large in Adair’s determinations as in those of Hartridge 
and Roughton. The latter measure events which take place in 
a fraction of 1/1000 of a second; Adair’s osmometric determin- 
ations each require a fraction of a year. The work is being carried 
on in the Low Temperature Station at Cambridge, where Sir Wm. 
Hardy kindly allows Adair to set up his osmometers (Fig. 13). Such 
work must be very slow, but already enough information has been 
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Osmometer, Type D (left), with straight column of solution for measuring 
pressure. Scale in centimetres. Osmometer, Type CO (right), for high pressures 
with mercury manometer: (1) A rigid collodion tube, 20 c.c. capacity, in jar 
holding 500 c.c. of outer liquid. (2) Rubber connexion. The glass tube from 
(2) to (3):is filled with liquid parafin. Beyond (3) there is water. (4) Rubber 
connexion with clip (not shown here). (5) Glass T tube, with water down to 
level B. (6) Glass rod in rubber tube, for adjusting the pressure. (7) Glase 
tube, open to air, or fitted with a soda-lime tube. W = level of outer liquid; 
B = level of mercury in manometer limb, 6 mm. in diameter; L = level of 
mercury in manometer limb, 0-7 mm. in diameter. Above the mercury at L 
there is a drop of lactic acid. 
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obtained to be of considerable interest. Adair will show you a model 
in which the osmotic pressure in a 1% solution of hemoglobin is 
represented vertically whilst the hydrogen-ion concentration and the 
saline concentration of the solvent are the horizontal co-ordinates. 
Over a great part of this model the conditions may be varied with- 
out any change in the osmotic pressure of the hemoglobin, which 
pressure works out pretty regularly at 2-6 mm. of mercury. This 
figure is given if the solution is not more than 4% hemoglobin or 
is not of less saline concentration than 0-01 molar. Where a different 
and higher osmotic pressure than 2-6 is given per 1% of hemoglobin, 
as in cases where the concentration of Hb is more than 4% (Fig. 14) 
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or the pigment is dissolved in salt solution of greater dilution 
than 0-01M (Fig. 15), Adair finds a cause which satisfies him. If we 
accept his estimate, the value of n would be 4 and the molecular 
weight of hemoglobin about 68,000. A substance of this molecular 
weight, it may be said incidentally, would depress the freezing point 
of water about 0-00001°. 

And now we are face to face with the final puzzle. How are we 
to reconcile an equation 


with the form of equilibrium curve as obtained ? 

In considering this question I will leave out two factors each of 
which may produce an appreciable secondary effect on the shape of 
the curve. These are the alteration in hydrogen-ion concentration 
produced on oxidation and the effect of the great concentration in 
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which the hemoglobin is found, say, in the red corpuscle. These 
apart, we may consider the reaction as being either 


Hb, +0, = Hb,O, 
Hb,0, + O, == Hb,0, 
Hb,0, + O, == Hb,0, 
Hb,0, + O, == H,0, 


or it may follow what physiologists call the “ all or none ”’ principle, 
there being no possibility of intermediate oxides between Hb, and 
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Hb,0,. The latter hypothesis yields a curve of the S-shaped form 
with which we are familiar in the case of blood. 

In the case of successive oxidations, if the equilibrium constants 
of the four reactions are in the ratios of 4 : 3 : 2 : 1, i.e., if each oxygen 
may be regarded as of the same value and uninfluenced by the 
presence or absence of the others, 4 curve of the hyperbolic form 
would be produced such as has been obtained in the case of carbon 
monoxide and a dilute solution of hemoglobin of relative purity. 
It may here be remarked that the “ all or none ” conception may be 
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regarded as a special case of the conception of successive oxides, the 
case in which the equilibrium constants of the intermediate oxides 
have not got finite values, and that being so, it is possible to precuce 
any curve of the general type given by the equation 


y/100 = Kan/(1 + Ka"), 


where n is between 1 and 4, by suitably arranging the equilibrium 
constants of the successive reactions. But we have now passed 
entirely into the domain of speculation. We know of no reason 
why the actual factors which do alter the inflexion of the curve 
should so affect the equilibrium constants of the successive oxidation 
equilibria, and no one has claimed to have isolated any of the inter- 
mediate oxides, or to have obtained anything but the most nebulous 
evidence of their existence. 

Yet so long as the physical basis of the inflexion fails to be under- 
stood the dream of the physiologist will be unfulfilled, for the 
inflexion of the curve is the biologically important fact about it. 
One day the enigma will be solved, until then we can but strive on 
in the sure and certain hope that “‘ Nature never has betrayed the 
heart that loved her.” 
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